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3ABSTRACT
This study demonstrated the use of the Rasch
simple logistic model in establishing a primary three
mathematics item bank. The invariant assumptions of the
Rasch model were investigated. The pupils' performance
on two calibrated subtests were equated using a procedure
suggested by Wright. The efficiency*of this equating
procedure, which was based on the assumptions of the
Rasch model, was also examined.
Four mathematics tests, each containing 30
objective items, were developed. A set of 11 linking
items was. embedded in each of the four tests. These
tests were administered to 1580 primary three pupils in
10 randomly selected schools in Singapore. Item
responses-were submitted to computer for the Rasch item
analysis. Only tho..se items which fitted the model- were
retained in the item pool for subsequent use.
Two calibrated subtests, viz Test I and.Test II
were constructed,. using items from the established pool,
and two ability differing groups of primary four pupils,
viz 265 P4E and 360 P4N pupils were employed to test the
invariant properties of the Rasch model. Test'I was
administered to both the P4E and the P4N groups and Test
II was administered to the latter group only.
The items in Test I were calibrated indepen-
dently for the P4E and the P4N groups. The difficulty
4parameters thus obtained for each item in Test I were
compared. The results indicated that the Rasch item
difficulty parameters were invariant with respect to the
ability of the selected samples.
Based on the pupils' performance on Test I, the
amount of ability indicated by the raw scores was esti-
mated independently for the two samples. The ability
estimates thus obtained were compared. The findings
concluded that the person's, ability estimates indicated
by the raw scores were invariant with respect to, the
ability of the selected samples.
A pair of ability estimates were obtained for
each P4N pupil based on his ...performance on the two
calibrated subtests. A comparison was made on pairs of
ability estimates .for all.. P4N pupils. It was found that
the ability estimates of 92% of the total P4N sample were
not significantly different. The results supported that
the Rash ability estimates obtained from different
calibrated subtests were statistically equivalent.
The test scores on Test I were equated to that
of Test II by adopting an equating procedure suggested
.by Wright. It-provided useful and encouraging results.
In' this study, the invariant properties of 't-he
Rasch model were supported. The equating technique
provided useful and logical-results. However, the Rasch
persons' ability estimates obtained from the two calib-
rated subtests were not ideal.
5TABLES OF CONTENTS
page
ACKNOWLEDGEMENTS II
ABSTRACT III
LIST OF TABLES VII
LIST OF FIGURES IX
CHAPTER
I. STATEMENT OF PROBLEM 1
II. LITERATURE RELATED TO LATENT TRAIT 4
THEORY AND THE RASCH MODEL
Development in item test theory
Features of the latent trait theory
Dimensionality
Local independence
Item characteristic curve
Latent trait models
Normal orgive model
Two-parameter model
Three-parameter model
Rasch model
Invariance of Rasch item
parameters
Test information, item
efficiency and information
functions
Estimation of Rasch item
parameters
Goodness of fit and precision
of calibration
Rasch scale of measurement
Specific objectivity and
perspective
Literature related to sample-free
calibration and item-free measurement
Literature related to item banks
Literature related to test equating
III. RESEARCH PROCEDURES 29
Research problems
Overview
Method (Stage I)
Targeted population
Sampling
Instruments
Test administration
Data analysis
6Item selection
Linking the tests
Method (Stage II)
Targeted population
Sampling
Instruments
Procedures
Data analysis
Sample-free item calibration
Test-free calibration
Equivalence of ability estimates
Equating of test scores
IV RESULTS AND DISCUSSIONS 70
Reliability of the instrument
Item selection
Item shift
Ability of the samples
Sample-free item calibration
Test-free calibration
Equivalence of ability scores
Equating of test scores
Limitations
V. SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 83
Summary
Conclusions
Recommendations
BIBLIOGRAPHY 90
APPENDICES 98
LIST OF TABLES
Table Page
1. Distribution of pupils by schools and
31by tests
2. Tables of specifications of Test A, B, C
and D 32
3. Means, standard deviations, reliabilities
of the four tests 33
4.1. Item statistics of Test A
4.2 Item statistics of Test B
4.3 Item statistics of Test C
4.4 Item statistics of Test D
35
36
37
38
395. Items rejected by Rasch model
6.1. List of common items linking the four
tests 42
6.2. Computing items shift using item-link
between Test A and Test B 45
6.3. Merging item difficulty parameters of
Test A and Test B using item link 46
7. Merging item difficulty parameters of the
four tests 47
8. Distribution of pupils in the P4N and P4E
s amp1e s 5 0
9. List of common linking items in Tests I
and 11 51
10. Item difficulty parameters of Tests I
an d II 52
11. Comparison of item difficulty parameters
of Test I obtained from P4E and P4N
samples 54
12. Comparison of ability estimates between
P4E and P4N samples 56
813. Comparison of ability estimates of P4N
nunils based on their performance on
58Tests I and II
14. Distribution of item difficulty parameters
for Test-'I and Test II calibrated from
66P4E and P4N samples
15. Eauivalence of test scores for Test I and
69Test II
16. Mcans, standard deviations and reliabilities
70of Tests I and II
17. Distribution of raw scores on Tests I and
the corresponding ability estimates for
73P4E and P4N samples
18. Distribution of raw scores on Tests I and
II and the corresponding ability estimates
78for F4N sample
9LIST OF FIGURES
Figure Page
1. Merging item difficulty parameters
41.of Tests A, B, C D
2. Item difficulties for Test I estimated
from P4E and P4N samples 75
'3.. Rasch ability estimates for P4E and
P4N samples 76
4. Graphs of the raw scores on Test I and
the scaled equivalent scores on Test
II 80
1CHAPTER I
STATEMENT OF PROBLEM
In the wake of introducing the new Primary
Education System of Singapore in 1979, streaming of the
primary three pupils to the various courses at the_
primary four level was introduced. The main objective
of streaming was to enable the pupils. to learn and to
progress at their own pace. Concommitant with the primary
three streaming exercise, item bank for each examination
subject taught in schools was established. The intention
of providing schools-with various-item banks was to
ensure that the question papers se.t by the teachers of
individual schools for use in the end-of-year streaming
-examination were valid and comparable in standards.
Since 1979, items have been constructed each
year for the-various subject areas and have been pre-
tested on different samples selected from the current
primary three cohort. The data from the pre-test
results are analysed using-the traditional item analysis
procedures.
These procedures entail the selection•of size-
able samples which are representative as possible of the
primary.three.pupil population for whom the test items
will be used: _.,For each item, two indices are usually
computed:
2(a) facility index: the proportion of the pupils in
the sample attempting the same item who give the
correct answer,
(b) discrimination index: an estimate of correlation
between the sampled pupils' performance on,an item
and the performance on the test as a whole.
Items which are acceptable in terms of the
facility and discrimination indices are selected for the
banks for use on subsequent batches of: the primary three
pupils. Besides the two mentioned item statistics, the
reliability index for each test is also calculated.
However, the item statistics derived from the
traditional item analysis procedures are unfortunately
'sample-bound'. In other words, they are dependent of
the sample taking the test. If we change the items in
the test or the pupils attempting the'test., it will not
be surprised that the item statistics will vary'. Further-
more, the tests which are set by schools are not easily
compared.and equated. This poses further problems and as
a result, some pupils might be mistakenly streamed
because they attempt harder test in a particular school
since a mandatory passing mark for all schools is fixed
at the 50% level of the total possible score on a test.
Until quite recently, educational measurement
specialists in Singapore are attracted to the model which
was proposed by Georg Rasch (1960). It is claimed that
this model is 'sample-free' and that the item charac-
teristics of a test are independent of the ability
distribution of the sample taking the test. Also, it is
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claimed that the test can provide estimates of ability
which are. independent of the particular set of items
which comprise the test. Seemingly, this model appears
to have cleared some of the major problems which are
inherent in the-traditional item analysis procedures.
The researcher also has opportunities in meeting
with Choppin on Feb 16, 1982 and Wright on July 19, 1982,
both of whom are eminent researchers of the Rasch model.
Their views on setting up item banks using the Rasch-item
analysis procedures have encouraged the researcher to
take up this study. As far as to the.knowledge of the
researcher, there has not been any research of the similar
nature done in Singapore.
The recent work of Laska (1979) and Whitely and
Dawis'(1976).indicate.d that the sample-free nature of the
Rasch model couldnot be taken too literally. This study
will examine the invariant assumptions underlying the
Rasch model using selected Primary Four Normal Bilingual
(P4N) pupils and the Primary Four,, Ext ended Bilingual (P4E)
pupils of Singapore as subjects. It also aims to equate
the performance of these pupils on two different tests.
Hopefully, the-findings of this study could throw some
light on the feasibility of setting up item banks of which
the Rasch item analysis procedures are used.
4CHAPTER II
LITERATURE RELATED TO
LATENT TRAIT THEORY AND THE RASCH MODEL
Development in item test theory
ftver since Binet and Simon (1916) plotted the
proportion of correct response to an item as a function
of age, item analysis has been an important feature in
the field of educational measurement. Baker (1977), made
a study on the advances in the theory of item analysis
and stated that two basic theoretical models, namely, the
classical psychometric and the item characteristic curve
have been developed. Since then, different types of item
analysis procedures have been established. Most of the
-practitioners of item analysis have preferred the
classical psychometric model in which an item difficulty
index and an item discrimination index are used to
describe an item.
In recent years, advances in the theory of item
analysis has been focused on the item characteristic
curve-model which has a strong statistical orientation.
Lord and Novick (1968) states that this theory has been
categorised under 'Latent Trait Theory'.
The origin of the latent trait theory can be
,traced back to Ferguson (1942) and Lawley (1943). Early
publications using some, of the concepts of latent trait
5
theory were by Brogden (1946), Tucher (1946) Carroll (1950)
Cronbach and Worringto (19S2).
Lazarsfeld .(1950) .was perhaps the first-to
introduce the term 'latent.,trait'. However, the work of
Lord (1952) was generally regarded as the founder, of the
latent trait theory. Though Lord introduced the latent
trait model to measurement specialists some thirty years
ago, it has received only isolated attention. The
progress of this model in the view of Hambleton et al
(1978) was painstakingly slow during the fifties and
sixties.' They attributed this state.of affairs mainly to
the mathematical complexity of the model, to-the unavail-
ability of-convient computer-programmes to analyse the
data, and to the skepticism expressed by the leading
.psychometricians about the benefit gained from this line
of research.
At the present time, due to the easy availability
of computer programmes and the publications of a variety
of successful applications of the''latent trait theory in
test evaluation design have attracted considerable
attention from test specialists and psychometricians. In
particular,eminent- testing specialists like Bock (1972),
Lord (1968, 1974) 1975), Samejima (1969, 1972), Wright
.and Panchapakesan (1969), Wright and,Dawis (1974),.Wright
(1968) were among those who had made profound contribu-
tions towards the development of the latent trait theory.
Hambleton et al (1978) states that the field of latent
trait theory will become increasingly more important in
psychometrical testing.
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Features of the latent trait theory.
The theory of latent traits assumed that test
performance of examinees can be predicted or explained
by defining the characteristics of the examinees
referred to as latent traits or abilities., The theory
specifies a relationship between the observable and the
unobservable quantities is described by a mathematical
function. In practice, to make a particular model works,
it is necessary to see that the test data satisfy the
assumptions made by the model. Wright (1968) suggests
that test developers design their tests.to satisfy the
assumptions made of a particular latent trait model they
intended to use. In this sprit, the latent trait models
are now not only being used to predict test performance
but also to provide a theoretical framework for. test
design.
There are at least three fundamental notions in
the general theory of latent traits, namely the dimen-
sionality of the latent space, the local independence
and the item characteristic curve. Each of these will be.
discussed briefly in the following.
Dimensionality: The dimensionality of the latent
space refers to the number of latent traits that underlie
the examinee's test performance. An examinee's position
in the latent space is determined from his latent trait
scores. It is typical to assume that the latent space is
unidimentional since the latent trait models in which the
unidimentional assumption is not made are rather complex
and up to date have not yet been meaningfully developed.
7
However, Lord (1968) remarks that the assumption
pertaining,to unidimensional nature of a set of items is
not'strictly true for most tests. Hambleton and Traub
(1971) demonstrate a way to test the dimentionality of a
set of test'items by the factor analysis technique. Their
analysis shows that when a test measures more than a
single trait on the basis of the results of the factor
analysis, an analysis of the latent trait model could then
be used on each of the cluster of ,items,. Lumsden (1976)
recommends that in order to bring,about a unidimentional
test, one can apply the factor analysis again and again
on the test data with the '.deviant'.items being removed.
Local independence: The assumption of local inde-
pendence states that the response of a particular examinee
.to a test item is statistically independent of his
responses to other items.,: In other words, the examinee
answering a test. item correctly, is not affacted by his
performance on any other items in the test. This assump-
.tion is satisfied if all the test-items measure a single
ability and no other ability.is common to the. item.. In
this case,the proabability of any examinee's response
,pattern is measured by the'product of probability for the
obtained score on each item'-for that. examinee. It is
worth noting the remarks made by Lord and Novick (19.68)
that the assumption of local independence does not
necessarily imply that test items are uncorrelated over
the tota-1 group*of of examinees. Positive correlations
between pairs of,-..items will result whenever there is
variation among the examinees on-the ability measured by
8
the test item. A rough check on the statistical indepe
dence of item responses for examinees at the same level
of ability is provided by Lord (1953). He suggests that
for each pair of items,.a chi-square statistic can be
caluclated to provide a measure of the independence of
item responses.
Item Characteristic Curve: An item characteristic
curve is a mathematical function that relates the prob-
ability of success on an item to the ability measured by
the item set or,-test that contains the item. It can be
viewed as a nonlinear regression function of item score
on the latent trait measured by the.test. The probability
of an individual examinee providing a correct response to
an test item is independent of the distribution of the
.examinee's.ability.in the,population of examinees of
interest. In other words, the shape of an item
characteristic curve does not depend on the distribution
-of ability-in the examinee population.
A primary distinction among different latent trait
models is in the mathematical form of the corresponding
item characteristic curve. An item characteristic is
defined completely when its general form is specified
and- when the parameters of the curve for a particular-
item are known. The number of parameters required to'
describe an item characteristic curve will depend on the
particular latent trait .model.
Lazenz iraiz Models
The following are the prevailing latent trait
models.-
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Normal Orgive model: Lord (1952) proposed a
latent trait model in which an item characteristic curve
takes the form of the normal orgive:
(1)
In this equation, P. (9) denotes the probability that an
examinee with ability 0 answers the item jcorrectly.
0(t) is the normal density-'function. b is usually
referred to an`index- of item difficulty and represents
the point on the ability scale at which an examinee has
a .probability of 0.5 in answering the item correctly.
The parameter a. known as item discrimination is propor-
tional to the slope of P.(0) at the point when 9.::= b..
J
Two-parameter model: Birnbaum (1968) proposed a
latent trait model in which the item characteristic curve
takes-the form of a.two-parameter logistic distribution'
function:
(2)
where
In the above equation, P.(9) is the robabilit thaProbility that an
examinee with ability 9 answering item j correctly. The
parameters a. and bj have essentially the same inter-
pretation as the normal orgive model and n is the number
of items-in the test. The constant D is a scaling factor.
Ha'ley(1952) states that when D=1.7, it maximises the agree-
ment between the normal orgive and two- a.rameter logistic gistlc
where j = 1,2,.....n
j = 1,2,3,...n
10
model.
Three-parameter model: The three-parameter model
is an extension of.-the two-parameter logistic model by
introducing a third parameter denoted by cj the
'guessing' parameter, as described by Birnbaum (1968) and
Lord (1974). This was done to restrict the lower tail of
the item characteristic curve to a level larger than zero,
thus avoiding the case of examinees at the.extremely low
ability levels having a zero probability of correct
responses. The mathematical form of this model is shown
as follows:
(3)
andwnere mnd 9 are
denoted as Dreviousl v.
Rasch model: The Rasch model was developed by the
Danish mathematician Georg Rasch (1966). The basic
premise of this model is that when a particular individual
attempts a particular item, the two factors that govern
the outcome are the ability of-the individual and the
difficulty of the item. Rasch expressed the probability
of success piJ. for an individual with ability A. on an
1
item with difficulty D.
(4)
Wright (1967) is one of the first researcher to opera-
tionalize theiRasch model. He argues along the same line
as Rasch and denotes the 'odds of..success' on an item as
the ratio of 0.d.. He then defines the 'odds of success'
i J
as the ratio of P.(9) to 1- P.(0) where P.(0) is the
J J J
probability of success by an examinee with ability 0_ on
item of difficulty d.. Therefore1 i
or
By setting 9_= exp Da9; d_.= exp Dab_., then the equatior
becomes
(5)
The a, is the common level of discrimination of all items
Although the Rasch model was developed independently of
other latent trait models and was along a quite different
line of thinkings, it can be viewed as a special case of
the two-parameter logistic models in which the item
characteristic curve is a one-parameter logistic function
Wright (1977) prefers writing the model with Da incorpo¬
rated into the ability (0) scale. Thus the equation (5)
becomes
(6
The model suggests that for a large value of
where Da9 an
that is in a situation when a person with high ability
S attempting an item of a low difficulty S., the prob-
ability of success in that item is close to unity. When
the ability of a person matches the difficulty of an item
as in the case of- g.= 0, his probability of success
is equal to 0.5. However, if the item is too difficult
for a person with a certain ability, that is,£~ is
large, then his chance of success on that item is close to
zero
Also, when comparison of the two-parameter
logistic model and the Rasch model shows that the Rasch
model requires all items to have an equal item discrimi¬
nation parameter set to unity i.e. Da= 1 in the metric
of the ability scale. Birnbaum (1968) and other psycho-
metricians find such an assumption untenable. Whitely
and Dawis are among those who have often been stated that
the Rasch model requires only a common value of the item
discrimination index across all items. It is apparent•
that for the Rasch model to hold, a common discrimination
index value other than unity must be transformed to a
value of unity by an appropriate change in the metric of.
the underlying ability scale. Baker (1977) remarks that
since this transformation is imbedded in the estimation
procedures, practitioners may not be aware of its impact
upon the ability estimates.
The assumption that all item discrimination
parameters are identical is restrictive. According to
Hambleton and Traub (1973), it is imperative that unless
test items are specifically chosen to have this characte-
13
ristic, the assumption will be violated.
What then makes-the Rasch model more attractive
to the user? To start with, it is the unweighted sum of
right answers given'by an examinee will contain all the
information needed to measure this examinee. Also the
unweighted sum of right answers given to an item will
contain all the information to calibrate items. Wright
(1977) claims that the Rasch model is the only latent
trait model for a dichotomous response that is consistent
with the 'number, right' scoring-and other latent trait
models lead to a more complicated scoring rule that
includes unknown parameters for which satisfactory esti-
maters do not exist.
Wright (1977) argues that in comparing two persons
in a desirable testing situation, the more able one should
logically have a better chance of success no matter what
the difficulty of the attemptedJtem. Variation in the
item discrimination will produce variation in the slopes
of the item characteristic curves, which, in turn,
produces crossed curves. The interpretation of these
crossed curves would suggest that for Some items, one
person has a better chance:to easy items while another
has a better chance on hard-ones. If that is the case,
who will be-the more able one?
Wright (1977b) further argues that in order to
avoid such situation, it.is-proper to ensure that
variation in the item discrimination does not cause the
.item characteristic curves to cross each other. He.
remarks that it is not difficult to organise calibration
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and item selection so that disturbances in measurement
caused by,possibl.e variation in the discrimination or the
guessing effect becomes non-significant.
The Rasch model has the following characteristics.
Invariance of Rasch item parameters
Wright (1967) claims that the use of the Rasch
model leads to an objectivity in measurement which is-not
possible under the traditional classical approach. The
objectivity results from two basic.features of the model:
(i) the calibration of the items is independent of the
sample and (ii) the measurement of a person on the latent
trait is independent of the particular item used.
Wright and Panchapakesan (1969) have established
the estimation techniques for the Rasch parameters. These
techniques yield tests with the specific properties: (i)
the estimate of the item difficulty parameter is sample
free (ii) the estimate of a person's ability will be
-invariant over different samples and (iii) estimates of
a person's ability from any calibrated subset of items
will be statistically equivalent. However, Whitely and
.Dawis (1976) express reservations over such revolutiona-
lized assertions and remark that further investigations
and verifications are needed. Perhaps this could be one
of the reasons as to why the Rasch model has had little
apparent impact on test development. The same authors
argue that the group invariance property,of the item is
not just.unique. to the Rasch model but it is a funda-
mental property- of the latent trait theory. The same
authors conclude that the degree to which calibrations by
the Rasch model will yield the objective measurement
characteristic depends on how much the data depart from
some of these implied properties and the assumption of
local independence.
Choppin (1976) uses- the pairwise method to show
the concept of item parameter invariance. This method
examines the performance of a person on two items. s
Considering a person v with ability a attempting two
items i and j with difficulties d. and d., respectively,
1
then according to the Rasch model, the probability of
success of item i is
and the probability of failure will be
The probabilities with item j are similarly defined.
Since the two items are independent, the probability of
»
success of either i or j can be written as
and
The probability of getting any one of the two items
correct but not both is equal to the sum of the prob¬
abilities expressed in equations (9) and (10).
(11)
Hence the conditional probability that the person v scores
exactly one on the item pair i and j is either
(12)
(12)
or
(13)
The ability parameter a has been eliminated from these
last two equations. If we know that an individual scores
just one of any item pair, the probabi1ity. that it was
one rather than the other that was answered correctly
depends solely on the relative difficulty of the two
items but not the persons in the calibrating sample.
Test information, Item efficiency and Information
Functions
Following Fisher's statistical work in 1920's,
Birnbaum (1968) defines the notion of 'information' as a
quantity inversely proportional to the squared .length of
the confidence interval around an estimate of an
examinee's ability. The standard error of estimate of
ability is equal to lJ information. In mathematical term,
Birnbaum (1968) gives the information curve of a given
scoring formula as follows:
(14)
In the equation (14), 1(0) is the amount of information
at the ability level 9 provided by the scoring formula y
where
(15)
The variable x.= 1 when the item j is correctly answered
3
and x.= 0 if item j is incorrectly answered. P. is the
3 J 3
probability of a correct answer to item j by an examinee
with ability 9. G. is the slope of the item characte¬
ristic curve at ability 9 and W. is the item scoring
weight.
Birnbaum (1968) has shown that when the scoring
weights are chosen to be
(16)
then the maximum value of I (9) in equation (14) is
given by
(17)
which is referred to as the test information curve.
By the assumption of the Rasch model, the scoring
.
weights ought to be chosen as unity i.e. unweighted. In
such a case,= 1 for all items and equation (15)
becomes
r 1 a i
which is the unweighted sum of scores for each item j.
Although the Rasch model requires items with
' identicalrdiscriminations it does not imply that the
slopes of the item characteristic curves are invariant
across all ability levels. It can be shown that the
maximum slope occurs., at the point when 9= d_., where d_.
is the difficulty parameter. This slope is known as the
item discrimination.
Wright and Stone (1979) have shown that the
standard error of the item difficulty estimates under
the Rasch model is inversely proportional to P. (1- P.)
where P is the portion of persons in a sample answering
item j correctly. Therefore, it is quite clear that the
item is most efficient if the error factor is a minimum.
Mathematically, it can be shown That when P.= 0.5,
Pj(l-Pj) is the largest which gives the smallest standard
error of the item and hence provides the most information
about the item. Further, under the Rasch model, P.=0.5
occurs when the ability estimate matches the difficulty
estimate, viz, 9- d= 0. Therefore, it is essential to
construct tests with the difficulty levels which match
the ability levels of examinees. This is an essential
feature in tailored testing.
Estimation of Rasch item parameters
Wright and Panchapakesan (1969) established two
estimation procedures, each based upon the basic equation
provided by Rasch. The LOG method uses the data associ-
19
ated with the examinees having the same test score to
obtain the logarithm of the item and ability parameters.
The MAX method 'employs the unconditional maximum likehood
estimation procedures. The Newton-Raphson.interactive
procedure is used to estimate the person and item para-
meters. It should be noted that the parameter estimates
cannot be obtained for person (s) getting all or none of
the test items correct since no information could be
gathered with a perfect or zero score. Therefore, before
these methods can be used to estimate the item parameters,
the data have to be treated. It is suggested that if the
above estimation methods are used, it is almost essential
to have the item calibration done by computer. However,
Wright and Stone (1979) developed a method called the
PROX method, which has a simplified assumption that the
effects on item calibration of the sample ability distri-
bution can be adequately accounted for by merely a mean.
and a standard deviation. In practice, all the three
methods yield the estimates of the parameters within the
standard errors for most reasonable samples with reason-
able sizes.
Goodness of Fit and Precision of Calibration
Several authors like Anderson (1973). Bock (1972),
Wright., Mead Draba (1976), Wright and Panchapakesan
(1969) have provided some statistical tests of.goodness
of fit of the various latent trait models. Wright and
Panchapakesan (1969) examine how the quantity fij, the
frequency ofexaminees at the ith ability level answering
jth item correctly in the data matrix, depends upon the
estimates of the ability and difficulty parameters. The
E(f), the expected value of f of these elements, could
be derived from the obtained estimates. A standard
deviate Y..
i]
where (19)
is distributed normally with zero mean and unit variance
An approximate chi-square statistic can be obtained for
2
each item by summing y.. over the score groups to give
(20)
with the degree of freedom, df= n- 2, where n is the
number of people scoring item j correctly and k is the
numb er o f it ems.
However, Hambleton et al (1978) mention that this
2
..JC. test is sensitive to sample size and if enough obser¬
vations are taken, the null hypothesis that the model
fits the data will always be rejected using this test.
In both the procedures in the estimation of the item
parameter, LOG and MAX, which were developed by Wright
and Panchapakesan in 1969 provide goodness of fit tests
for the parameter estimates. The conformity of any item
and any sample of persons, to the Rasch model and even the
conformity of any particular item and person can be
evaluated by calculating the residuals in the data from
the values expected from the model (see also Wright and
Stone 1979), The test of goodness of fit is essential
for retaining or rejecting items for the final pool of
items in the item bank. It also provides evidence that
the items are unidimentional and the item discriminations
are uniform. Wright and Panchapakesan (1969) stress that
this is a criterion for which equivalence of subtests
derived from the bank can be established.
In the Rasch procedure, the term 'reliability' of
a test, a concept which depends upon the ability distri¬
bution of the sample, is replaced by the precision of
measurement. In this context, the precision of each item
calibration is expressed in terms of standard error. It
can be seen that this standard error depends primarily
upon the number of items used, the ability estimates of
persons, and the difficulties of items. However, Wright
(1977) claims that this item difficulties are ordinarily
so well estimated in the Rasch measurement that little is
lost by acting as though item difficulties are known.
Wright (1977) states that when a.test is within a 'logit'
of the person to be measured, item relevance plays only
a minor role. Wright (1977b) reports that the standard
error is well approximated )yJ~6L2 where L is the number
of items taken. This approximation is useful for one to
determine the test length necessary to achieve satis¬
factory calibrations. However, Wright and Panchapakesan
(1969) suggest that for better test effects, the sample
ability distribution should not be far away from the item
• difficulty parameter, that is 9- d.| is close to zero.
1
The Rasch scale of measurement
The basic equation for the Rasch model is
(6)
In equation (6) the probability of a correct answer P.. 1
is governed by the difference(- S•)• Therefore, any
addition or subtraction of a constant to all the
abilities or difficulties will not make the P.., the
1J
probability success any difference. This has made the
location of zero or reference point on the scale of latent
variable arbitrary. What the researchers need to do is
to make the arbitary decision public. The ability scale
used in the Rasch model is expressed in the natural
logarithm units known as the 'logit'. Items are scaled
in the same units and have the same origin as the ability
scale.. These units appear to be similar to the z-distri-
bution in that they generally range from -3.0 to 3.0.
Choppin (1976) provides a linear transformation of this
scale into 'WITs' scale which can be expressed in terms
ofpositiveintegers.
Specific Obiectivity and Perspective
Rasch (1966) proposed a desirable measurement
principle known as the specific objectivity. In one of
his paper, he has formally defined the meaning of
specific objectivity as follows:
'Whenever the comparison of any two parameters
within the same set may be carried out in such a
way that it is unaffected by all other known
parameters in the system.... the comparison is
characterised as specifically objective'.
Wright (1968) clarifies further the use of the
term objectivity by defining two necessary conditions:
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'First the calibration of measuring instruments
must be independent of those objects that happen
to be used for calibration. Second, the measure
of object must be independent of the instrument
that happens to be used for measuring'.
In essence, both Rasch and Wright seem to have
suggested that the specific objective is a consequence of
using the Rasch model. Schmit (1970) has been able to
present a proof-that the Rasch model is the only model to
produce objectivity.
The recent work by Wright and Stone (1979) and
Wright and Masters (1982) have made further progress in
the Rasch logistic model. Their work have not only
refined some of the techniques used in item analysis but
also in making possible for the Rasch model to be used in
areas such as test design and psychometric testing.
In the next sections, the researcher attempts to
make a list of major researchs of which the Rasch model
has been successfully applied.
Literature related to sample-free calibration and item-
free measurement
Rasch (1960) used data obtained from four subsets
of the Danish Military Group Intelligence Test BPP which
were administered to 1094 Danish Military recruits. He
found that the data fitted his model.
Brooks (1965) used the intelligence test data
obtained from the American public school children to
investigate the invariance of item easiness ratios and
concluded that,the Rasch item easiness ratios were
invariant with respect to,the ability of the calibrating
sample.
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Anderson et al (1968) administered a 45-item
spiral omnibus intelligence test to 608 recruits to the
Citizen Military'Force and 874 recruits to the Royal
Australian Navy. The product-moment correlation
coefficient was computed for-the item easiness estimates
obtained from the two samples. The authors concluded
that the item easiness ratios were independent of the
ability of the samples concerned.
Wright (1968) made a study on the responses of
976 newly admitted law students to 48 reading comprehen-
sion items of the Law School Admission Test and reported
that the estimates of the item parameters were invariant
of the samples.
Whitely-and Dawis (1974) examined the objectivity
of the•Rasch model and reported that the equivalence of
the ability parameters existed in the Rasch model which
was calibrated from two different item subsets. However,
the authors remarked that the equivalence of the item
subsets was not perfect.
Tinsley and Dawis (1975) administered four tests
of word, number, picture and symbol analogies to college
and high school -students, civil service clerical
employees, Minneapolis and-c-lients of the Minnesota State
Division of Vocational Rehabilitation. The results
indicated that the Rasch item parametersestimates were
invariant with respect to the ability distribution of
the sample when an adequate sample has been employed and
,the test design_.did not incorporate biasing factors. The
item parameters were invariant with respect to the ability
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of the calibrated samples when items fitted the model
were used.
Cormier (1977) administered the Medical College
Admission Test (MCAT) to 18075 subjects in May 1972, the
results indicated that the estimates of ability were
found to be invariant over the samples considering under
the Rasch logistic model.
Literature related to item banks
Choppin (1968) described a method of setting up
an item bank using the Rasch model but no empirical.
results were reported in that study.
Purushothaman (1975) compiled a secondary mathe-
matical Item Bank for NFER using the Rasch model. The
bank consisted of 185 items covering-a.,.number of subject
areas in mathematics for pupils of 12 to 14+ of the
United Kingdom.
Choppin (1976) reported that the Rasch model
was employed to calibrate all the items in a science item
bank established by the. International Association for
Educational Achievement (IEA). Such item bank was meant
to be used in different IEA,member countries.
Rentz and Bashaw (1977) .reported the successful
application of-the Rasch model in setting up the National
Reference Scale (NRS) for reading. The scale was--
developed by making use of 14 major published reading
tests for grades, 4, 5 and 6 pupils. Finally a pool of
2644_ reading items were calibrated.
Chopin (1978) reported that feasibility study of
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establishing a Biology Item Bank was actively carried out
by the National Foundation of Education Research (NF ER)
in Britain.
Choppin (1980) remarked that despite the initial
work on item banking carried out in Britain in the late
1960s, there is little to show in terms of operational
-experience. The author reported, however, that item
banks are in everyday-use in the United States and in
Australia. They are active development in several EEC
countries, Canada, India, Israel, Indonesia and Malaysia.
The author concluded that item banks are going to be
useful to many, and that the issue now is how to make
them work better.
The researcher has assisted in carrying out a
survey in June 1982 on Singapore students of 13+ age
group using items from the IEA mathematics Item Bank.
The data have been forwarded to TEA centre in Australia
for analysis. All mathematics items used in the survey
will be calibrated by the Rasch model.
Literature related to test equating
Angoff 0971) remarked that in ,equating test
forms, the system of units of one form is converted to
the system*of units of the other, so that scores derived
from the two forms after conversion will be equivalent.
The conventional method for equating tests is based on
the equation of equal-percentile scores. This method
entails a large sample which has to be broad enough in
order to assume an adequate definition of each score to
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percentile connection. Under this condition, the persons
in the selected sample for this equating procedure will
normally'have to take both the tests in which they are to
be equated. Usually such undertaking is very time
consuming and money wasting.
Since the` Rasch model provides difficulty and
ability estimates on the same metric, the equating of
test forms can be done using either item difficulty or
ability estimates. The advantage of the-Rasch model over
other models is that only item difficulties are necessary
for equating. Rentz and Bashaw (1975,'1977) remarked
that in horizontal equating, the Rasch model agrees
closely with the conventional methods and it involves
less time,-effort and money.
Wright (1977) asserted that once an item bank is
established, any subtests which. are constructed using
items from the bank are automatically equatabl.e. Wright
(1977) argued that becasue all th`e items share a common
calibration, the measures implied by scores on any
subtests of these items are automatically equatable and
no further collection or analysis of data is needed.
Wright remarked that the vexing problem of test equating
is solved for all po'ssible'tests drawn from the bank,
once and for all.
Slinde and Linn (1978) stated that for vertical
equating in-which two tests of different difficulty
levels and two groups of examinees of different ability
are involved, the Rasch model has so far, not being able
,to achieve a. -satisfactory solution. However, Hambleton
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et al (1978) commented that the latent trait model is a
necessity for vertical equating.
Chan (1976) applied the Rasch model to compare
the scores of three different pairs of subjects: Mathe-
matics and Mathematics (Alternative Syllabus), English
Language (Syllabus A) and English Language (Syllabus B)
and different combinations of questions in Chinese
History attempted by'students which were held in the 1975
Hong Kong Certificate of Education Examination. The
results followed closely with those obtained from the
conventional methods.
.Tang (1982) had successfully applied the Rasch
model to equate the ability-estimates obtained from three
different subtests which were assembled from a calibrated
pool of Form three mathematics items.
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CHAPTER III
RESEARCH PROCEDURES
Research Problems
1. Are the Rasch estimates of the item difficulty para-
meter invariant over different selected samples?
2. Given a certain raw score, will the Rasch estimates
of a person's ability parameter be invariant over
selected samples of different-ability level-s?'
3. Will the Ras'ch estimates of a person's' ability from
different calibrated subsets of items be statistically
equivalent?
Overview
This is an empirical study on the applicability
of the Rasch model in establishing'a sample-free.and
item-free mathematics item bank for Singapore pupils of
nine to ten years of age. It was carried out in two
separate stages. The initial stage (Stage I) of this
study was to set up an item pool which consisted of
mathematics items for primary three pupils. The item
analysis procedures of the Rasch model were used to
calibrate the items in the test. Those items which fitted
.the model were selected for subsequent use in this study.
An the second stage (Stage II), two tests were
'constructed using items from the item pool set up in
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Stage I. The invariance of the Rasch estimates of
difficulty and ability was examined. The assumption that
a pupil's ability estimated by the Rasch procedures from
two calibrated subtests were statistically equivalent was
also investigated. Finally, the pupils' performance on
these two subtests were equated using an equating
procedure. suggested by Wright (1977).
Method
Targeted population: The targeted population of
this study was all the primary three pupils in Singapore.
Sampling: Ten primary schools-in Singapore were randomly
selected to participate in this study. All the primary
three pupils of these ten schools took the tests. Their
ages ranged from nine to ten and they were about to
complete their third year of primary education. In
Singapore, streaming of pupils into different courses was
done only-after they had completed t-heir primary three
education. A distribution of all pupils taking the four
tests viz Tests A, B, C and D is shown in Table 1. A
total of 1580 subjects were involved in the Stage I
testing.
Instruments: Four tests, viz Test A, Test B, Test
C and -T-est D- were carefully constructed by the researcher
Each of these tests comprised 30 objective items, of--which
20 were multiple-choice items and 10 were short-answer
items. The contents of these four tests were based upon
,the primary thre.e mathematics examination syllabus issued
to the Singapore schools in 1982. The table of specifi-
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TABLE 1
Distribution of pupils'by schools and by tests
TestTestT_es1Test TotalSchool DCBA
172444141461. Balestier Hill Pr.
67141917172. Monk's Hill Pr.
280706971703. Maha Bodhi
291888079644. Keng Seng Pr.
145352746375. Pearl Bank Pr.
1383435 34,35.6. Delta West Pr.
136383137307. River Valley Pr.
77191920198. Toh Tuck Pr.
198504949509.Alexandra. Hill Pr.
762018191910 Jovois East
1580392387414387TOTAL
cations of these tour tests are snown iii 1 auie 2
In order to equate the difficulty parameters of
the items in'these tests onto a common scale, 11 common
items were embedded into each,. of these four tests. All
in all, 87 distinct items were constructed.
Test administration: The four tests were randomly
assigned to pupils in each class of the selected schools.
Approximately one-quarter of the pupils in each class
attempted one of the four tests. In this respect, there
were annroximately one quarter of the total subjects took
TABLE 2
Tables of specifications of Tests A, B, C and
Content Test i Test E Test( Test E
Tonic 1 Whose numbei
10.00(
1.1 Recognition, place
value
1.2 Addition and
subtraction of
whole numbers
1.3 Problems involving
addition and
subtraction
1.4 Multiplication and
division of
numbers by a
number not
greater than 10
1.5 Problems involving
multiplication
and division by
a number not
greater than 10
Topic 2 Measurement
2.1 Recognition of
measuring units
in length,weight,
capacity and time
-2.2 Conversion of
units: kg to g;
m to cm; hour to
minutes
2.3 Perimeter
2.4 Area
Topic 3 Graph
3.1 Use of simple
bar graphs~
Topic 4 Fraction
4.1 Recognition of
fractions
4.2 Addition and
subtraction of
like fractions
Topic 5 Money
5.1 Dollar and cents
notation and
conversion
5.2 Simple problems
involving money
TOTAL NUMBER OF ITEMS:
01,02, 0'
07,21,2'
30
09,10
22,26
03,05,0
11
27, 2£
15
08,17,25
14
16
19,25
12,13
18
20,23
30
01,02,0
07,21,2
30
09,10
22,26
03,05,0(
11
27,28
15
08,17,25
14
16
19,29
12,1-
18
20,22
3f
01,07,2
30
09,10,21
03,04,0!
06,22,2!
24,27,2£
If
08,17
14
16
19,29
13
02,12,25
1 R
20
30
01,02,04
07,21,30
09,10,24
22,26
03,05,0(
11
27,28,2f
IE
08,17,2'
11
16
19
13
12
18
20,23
3D
The numbers shown under the various tests are the item numbers.
each of the four tests. The numbers of pupils who had
taken Tests A, B, C, and D were 387, 414, 387, and 392
respectively.
The tests were administered on 9 November 1982.I
The duration of each test was 90 minutes. (This testing' . )
time was chosen to allow the less intelligent pupils to
-X
have sufficient time to complete the test.) All pupils
completed the tests within the stipulated time. No
irregularities during testing were reported.
Data analysis: The pupils' item responses were
scored, coded and submitted for analysis using a computer
programme devised by Masters (1982) and modified by my
colleagues in the Research and Testing Division, Ministry
of Education, Singapore. The classical item analysis
procedures were also used for comparison in this study.
The mean, the standard deviation and the reli¬
ability index of each test are shown in Table 3.
TABLE 3
Means, standard deviations,
reliabilities of the four tests
Test A Test B Test C Test D
No. of pupils 387 414 38 7 392
Me an
22.4
(74.7%)
21.1
(70.3%)
20.3
(67.6%)
21.9
(72.9%)
Standard
deviation
5.91 6. 18 5 .47 5.51
Reliabi1ity 0. 90 0.89 0.87 0.88
The reliability index was calculated from the KR-20 formula.
In the Rasch analysis, the difficulty parameter,
standard error and item 'fit' value of each item were
estimated. The results are shown in the second to
fourth columns of the Tables 4.1, 4.2, 4.3 and 4.4.
In the classical analysis, the facility index and
the discrimination index of each item were computed.
The results are shown in the last two columns of the
Tables 4.1, 4.2, 4.3 -and 4.4.
Item selection: The selection of items was based
on item 'fit' values. It is important to note that the
Rasch model cannot be expected to hold for items which
fail to fit the model are used. In this study, those
items that failed to fit the Rasch model at the level of
p= 0.05, i.e. the 'fit' value of the item is smaller
than -2 or greater than +2, were eliminated. The item
statistics of those items that were rejected by the Rasch
model are shown in Table 5.
Linking the tests: As the tests were taken by
»
different samples and were independently calibrated,
there was a need to equate all the estimated item
difficulty parameters onto a common scale. This was done
by the item link procedures suggested by Wright (1977),
and Wright and Stone (1979).
By means of this procedure, a pair of independent
estimates of difficulty parameters are produced for each
item that is common to a pair of tests. According to the
Rasch model, the estimates in each pair are statistically
equivalent except for a single constant of translation
that is the same for all items in both tests. Suppose
TABLE 4.1
Item statistics of Test A
Item
Name
Rasch Model
Difficulty
Parameter
Standard
Error
Item
1 Fit'
Classical Model
Facilit)
I rid
Discrimination
T n A v
A01
AO 2
A03
A04
A05
A06
A07
A08
A09
A10
All
A12
A13
A14
A15
A16
A17
A18
A19
A20
A21
A22
A23
A24
A25
A26
A27
A28
A29
A30
Mean:
S.D.:
-1.65
0.73
-0.07
-0.51
0.96
-1.56
-0.75
0.20
-1.86
-0.90
-0.20
-2.52
-1.97
1.50
1.72
-0.22
1.75
-1.70
3.59
0.87
0.31
-0.20
0.96
-0.59
-1.35
0.58
0.68
0.53
-1.10
2.77
0.22
0.13
0.15
0.16
0.13
0.21
0.17
0.14
0.23
0.18
0.15
0.29
0.24
0.12
0.12
0.15
0.12
0.22
0.15
0.13
0.14
0.15
0.13
0.16
0.20
0.13
0.13
0.13
0.19
0.13
-1.62
1.96
-2.00
-0.55
-0.86
-0.42
-0.82
-0.81
0.13
-0.36
0.97
-0.36
-0.16
2.74
1.81
1.67
-2.47
0.22
0.83
0.10
-2.00
-0.13
-4.26
-1.26
-0.51
-1.89
0.82
-1.95
-0.69
2.60
093
0.68
0.79
0.84
0.64
092
0.86
0.76
0.94
0.88
0.81
0.96
0.94
0.55
0.51
0.81
0.51
0.93
VrtS.-'
jL22_
0.66
0.74
0.81
0.64
0.85
0.91
0.7.0
0.69
0.71
0.89
0.34
0.57
0.45
0.63
0.53
0.57
0.48
0.55
0.57
0.31
0.49
0.47
0.30
0.39
0.42
0.43
0.43
0.59
0.36
0.34
0.54
0.63
0.54
0.69
0.57
0.45
0.63
0.52
0.62
0.52
0.39
0.00
1.44
0.16
0.04
0.75
0.18
a; The letter that preceeds each item number is the name of the test.
TABLE 4.2
Item statistics of Test B
Rasch Model Classical Model
r
Item'
Name
Difficulty
Parameter
Standarc
Error
Item
'Fit'
Facility
Irid fix
Discrimination
Trirlpy
B01
B02
B03
B04
B05
B06
B07
B08
B09
BIO
Bll
B12
B13
B14
B15
B16
B17
B18
B19
B20
B21
B22
B23
B24
B25
B26
B27
B28
B29
B30
-2.33
-2.86
-0.10
-0.51
0.88
-0.79
-0.70
0.45
-1.35
-0.98
-0.17
-2.04
-1.99
1.21
1.86
-0.24
2.33
-1.57
3.61
0.27
0.20
0.30
0.63
-1.32
0.93
0.47
0.14
0.27
1.06
?
0.24
0.29
0.13
0.14
0.12
0.15
0.15
0.13
0.17
0.16
0.14
0.21
0.21
0.12
0.12
0.14
0.12
0.18
0.16
0.13
0.13
0.13
0.12
0.17
0.12
0.13
0.13
0.13
0.12
0.12
0.15
0.04
-1.35
-0.46
-0.87
1.02
-0.90
-1.46
-0.63
-2.05
-0.67
0.70
-1.23
0.24
-0.06
3.69
-0.08
0.61
-1.39
1.26
1.44
5.52
-0.95
-0.53
-2.70
-1.93
-2.86
-0.69
0.72
-3.28
-1.40
2.63
0.95.
(KZ-
0.75
0.80
0.60
0.83
0.82
0.67
0.89
0.85
0.76
0.93
0.93
0.54
0.43
0.77
0.35
0.90
OJJ
0. 70
0.71
0.69
0.63
0.88
0.59
0.66
0.71
0.70
0.57
0.35
0.70
0.19
0.47
0.34
0.57
0.45
0.57
0.58
0.54
0.62
0.46
0.43
0.57
0.31
0.34
0.40
0.51
0.50
0.51
0.30
0.27
0.30
0.58
0.57
0.64
0.56
0.64
0.58
0.51
0.66
0.60
0.41
Mean: 0.00
S.D.: 1.47
a: The letter that preceeds each item number is the name of the test.
TABLE 4.3
Item statistics of Test C
Rasch Modf Classical Model
I ten
Name
Difficult
Parametei
Standar
Error
Item
'Fit'
Facilit
Trir) cy
Discriminatioi
C01
C02
C03
C04
C05
C06
C07
C08
C09
CIO
Cll
C12
C13
C14
C15
C16
C17
C18
C19
C20
C21
C22
C23
C24
C25
C26
C27
C28
C29
-2.37
1.82
-0.46
-1.72
-0.16
-0.18
-1.46
-0.70
4.10
-0.15
-1.83
4.57
-2.04
0.79
-0.13
-0.92
1.11
-2.32
2.76
1.93
-0.83
-0.31
-1.09
0.02
2.29
-2.20
-0.31
-0.55
-1.43
1.75
n nn
0.23
0.12
0.14
0.19
0.13
0.13
0.18
0.15
0.20
0.13
0.20
0.24
0.21
0.12
0.13
0.16
0.12
0.23
0.14
0.12
0.15
0.14
0.16
0.13
0.13
0.13
0.14
0.14
0.18
0.12
-0.75
8.52
-1.27
-0.74
-0.04
-1.13
-2.46
-0.98
1.75
0.48
0.45
0.78
0.79
1.30
-2.54
0.46
-5.21
-0.12
-0.14
-0.17
-1.37
-0.82
0.43
-0.84
-3.43
-1.83
-1.03
-1.58
-0.94
1.80
0.94
0.37
0.77
0.90
0.75
0.73
0.88
0.80
0.76
0.73
0.91
0.92
0.92
0.57
0.73
0.83
0.51
0.94
0.21
0.35
0.82
0.75
0.85
0.70
0.66
0.74
0.75
0.79
0.88
0.39
0.73
0.48
0. 14
0.58
0.48
0.51
0.56
0.63
0.56
0.57
0.49
0.40
0.36
0.32
0.41
0.63
0.46
0.62
0.38
0.28
0.36
0.58
0.55
0.43
0.55
0.64
0.60
0.56
0.58
0.53
n 77
Mean:
S. D.: 1.73 n fiA
•a: The letter that ureceeds each item number is the name of the test.
TABLE 4. i
Item statistics of Test
Rasch Mode Classical Model
Item'
Name
Difficulty
Parameter
Standard
Error
Item
'Fit-'
Facility
Index
Discrimination
T -n A v
D01
D02
D03
D04
D05
D06
D07
D08
D09
D10
Dll
D12
D13
D14
D15
D16
D17
D18
D19
D20
D21
D22
D23
D24
D25
D26
D27
D28
. D29
D30
-1.55
0.69
-0.32
-0.36
0.72
-1.12
0.45
-0.14
-1.82
-1.47
0.93
-2.41
-1.29
1.16
-0.54
-0.59
3.84
-1.32
3.47
0.99
-0.28
-0.94
0.83
-0.92
-0.38
-0.14
0.02
1.58
-0.36
2.18
0.20
0.12
0.15
0.15
0.12
0.18
0.15
0.14
0.22
0.20
0.12
0.27
0.19
0.12
0.15
0.15
0.16
0.19
0.15
0.12
0.14
0.17
0.12
0.17
0.15
0.14
0.14
0.12
0. 15
0.12
0.16
0.04
-1.33
-0.60
-1.32
-0.55
-0.89
-0.35
-0.93
-0.90
-0.67
-0.12
-1.38
-0.28
0.14
3.41
1.45
-0.86
1.59
0.35
2.48
0.44
-1.70
-0.98
-1.98
0.29
0.36
-1.26
-0.86
-2.94
-1.10
2.67
0.92
0.65
0.80
0.81
0.65
0.89
0.82
0.78
0.93
0.91
0.61
0.96
0.90
0.57
0.83
0.83
0.14
0.90
0.18
0.60
0.80
0.87
0.63
0.87
0.81
0.78
0.76
0.49
0.81
0.38
0.73
0.20
111UUA
0.55
0.52
0.56
0.82
0.54
0.51
0.54
0.54
0.42
0.42
0.55
0.38
0.41
0.35
0.39
0.54
0.22
0.39
0.10
0.46
0.58
0.52
0.58
0.43
0.46
0.55
0.54
0.57
0.55
0.35
Mean: 0.00
S.D.: 1.44
3- Thp 1 pttftr that n-rprpprl parh i t pm riiimhpr i thp riamp nE f hp tpst.
TABLE 5
Items rejected by Rasch model
Rasch Mode
a
Item'
Name
Difficult
Pramptpr
Standard
Error
Item
'Fit'
Classical Mode
Facility
Index
Discriminatic
A03
A14
A17
A21
A23
A30
B08
B14
B20
.323
B25
B28
B30
C02
C07
C15
c i 7
C25
D14
D19
D28
D3C
-0.07
1.50
1.75
0.31
0.96
2.77
0.45
1.21
0.27
0.68
0.93
0.27
2.30
1.82
-1.46
-0.13
1.11
0.29
1.16
3.47
1.58
2.18
0.15
0.12
0.12
0.14
0.13
0.13
0.13
0.12
0.13
0.12
0.12
0.13
0.12
0.12
0.18
0.13
0.12
0.13
0.12
0.15
0.12
0.12
-2.08
2.74
-2.47
-2.01
-4.26
2.60
-2.05
3.69
5.52
-2.70
-2.86
-3.28
2.63
8.52
-2.46
-2.54
-5.21
-3.43
3.41
2.48
-2.94
2.67
0.79
0.55
0.51
0.74
0.64
0.34
0.67
0.54
0.70
0.63
0.59
0.70
0.35
0.37
0.88
0.75
0.51
0.66
0.57
0.18
0.49
0.38
0.62
0.42
0.52
0.62
0.62
0.32
0.62
0.4C
0.3C
0.64
0.64
0.66
0.41
0.14
0.63
0.63
0.62
0.64
0.35
0.10
0.57
0.35
a: The letter that preceeds each item number is the name of the test.
40
two tests, A and B are joined by a common link of K
items, and that dA and dB are the estimated difficulties
of item i in both tests. The constant tAB, necessary to
translate all item difficulties in the calibration of Test
B to the scale of'Test A is given by:
In this study, item difficulty parameters of
Tests A, B, C. and D. except for those that were rejected
by the model, were merged using the item link by the
following steps:
Step I: The item difficulty parameters of all
items in Test B were scaled to that of Test A so .-t.hat ,a
common scale of item difficulty parameter.s_-for both tests
was established.
Step II: The item difficulty parameters of all
items in.*Test C were then merged with the common scale
obtained in. Step I.-
Step III: The item difficulty parameters. of all
items in Test D were then merged with the common scale of
Tests A, B and C obtained in step II. Hence, a common
scale of item difficulty parameters of all items in the
four tests was established.
Step IV: Finally, all the parameters in the common
scale were centred to a mean of zero.
A 'diagrammatic representation of the the various
steps involved is shown in Figure 1.
FIGURE 1
Merging item difficulty parameters of Tests A, B, C S D
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1= Step 'I, II= Step II, III= Step III, IV= Step IV.
TABLE 6.1
List of common items linking the four tests
Commor
Item
1
2
3
4
5
6
• 7
8
9
10
11
Tes
A
03
05
07
08
14
16
15
19
21
27
30
Tes
D
03
05
07
08
14
16
18
19
21
27
7 n
Tes-
C
03
05
07
08
14
16
18
19
21
27
Tes
n
03
05
07
08
14
16
18
19
21
27
30
Table 6.1 shows the list of common items linking
the four tests. After examining the item 'fit' values
of the common items, item 14 and 30 failed to fit the
model and were therefore discarded. Only nine of the
eleven common items remained as linking items. The
paired calibrations of these nine linking items are showr
in Columns 2 and 4 of Table 6.2. Their standard errors
are shown in Columns 3 and 5, respectively. The
differences between these item difficulty parameters,
Dat, in which D A= dA- d_ are given in Column' 6 ofAB AB A B 6
Table 6.2. The item shift, which is the mean of these
differences was found to be equal to 0.01.
The next step was to connect the Test A to Test
B. Table 6.3 demonstrates the method used. Column 1 of
Table 6.3 indicates the item names of the two tests and
the linking items. The independently calibrated item
difficulty parameters of all items in Test A and Test B
are shown in Columns 2 and 3, respectively. The item
difficulty parameters for all items in Test B were equated
to that of Test A by adding 0.01, which was the item
shift for these two tests. The scaled item difficulty
parameters of Test B are shown in Column 4 of Table 6.3.
For the linking items, the combined item
difficulty parameter of each link item was calculated by
taking the average of the item difficulty parameter in
Test A and the scaled item difficulty parameter of
linking item in Test B. The combined difficulty para¬
meter of the link item d was calculated from the
following equation
The combined difficulty parameter of
each linking item is shown in Column 5 of Table 6.3. The
last column of Table 6.3 indicates the difficulty para¬
meters of accepted items in both Test A and Test B which
were on the same scale of calibration.
Following the same procedure, the difficulty
parameters of all the accepted items from the other tests,
viz, Test C and Test D could also be merged onto a common
scale. The difficulty parameters of all the items are
shown in Column 2 of Table 7.
Finally, these difficulty parameters were
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centred to zero by subtracting a value of -0.13. This
was the mean of all the scaled item difficulty parameters
which were merged onto the scale of calibration. Thus a
calibrated pool of primary three mathematics items with
a same scale of calibration was established.
TABLE 6.2
Computing item shift using item link between Test A§ Test
Test A Tp;f R
Difficulty
Parameter
Standard
Frrnr
Difficult;
Parameter
Standard Difference
Ret weeri
Iter
Name
dA sea dR
SE
dA 5 dR
DAB=VdB
03
05
07
OS
16
IS
IS
21
2
-0.07
0.96
-0.75
0. 2 C
-0.2
-1.7C
3.55
0.31
0. 6i
0.15
0.13
0.17
0.14
0.15
0.22
0.15
0. 14
0.13
-0.10
0.88
-0.70
0.45
-0.24
-1 .57
3.61
0.20
0.13
0.12
0.15
0.13
0.14
0.18
0.16
0.13
n i
-0.17
0.08
-0.05
-0.25
0.02
-0.13
-0.02
0.11
0.54
Total= 0.05
,. 3- 0.09
Item Shift=
9
= 0.01
a: Item Shift= (Sum of Dad)9Ad
TABLE 6.3
Merging item difficulty parameters of
Test A and Test B usinc item link
Test A Test E Shifting to Test A scal
Common
51 r n 1 p
Itema
Name
dA
d d+ 0.01 d
QL1 dT
A01
A02
A04
A06
A09
A10
All
A12
A13
A15
A20
A22
A24
A25
A26
A28
A29
-1.65
0.73
-0.51
-1.56
-1.86
-0.90
-0.20
-2.52
-1.97
1.72
0.87
-0.20
-0.59
-1.35
0.59
0.53
-1.10
-1.65
0.73
-0.51
-1.56
-1.86
-0.90
-0.20
-2.52
-1.97
1.72
0.87
-0.20
-0.59
-1 .35
0.59
0.53
-1.10
AB03
AB05
AB07
AB08
AB16
AB18
AB19
AB21
AB27
-0.07
0.96
-0.75
0.20
-0.22
-1.70
3.59
0.31
0.68
0.10
0.88
-0.70
0.45
-0.24
- 1.57
3.61
0.20
0.14
0.11
0.89
-0.69
0.46
-0.23
-1.56
3.62
0.21
0.15
0.02
0.93
-0.72
0.33
-0.23
-1.63
3.61
0.26
0.44
0.02
0.93
-0.72
0.33
-0.23
-1.63
3.61
0.26
0.44
LINK
ITEMS
B01
B02
B04
B06
B09
B10
Bll
B12
B13
B15
B17
B22
B24
B26
B29
-2.33
-2.86
-0.51
-0.79
-1.35
-0.98
-0.17
-2.04
-1.99
1.86
2.33
0.30
-1.32
0.47
1.06
-2.32
-2.85
-0.50
-0.78
-1.34
-0.97
-0.16
-2.03
-1.98
1.87
2.34
0.31
-1.31
0.48
1.07
a: The letter that preceeds each item number is the name of the test.
TABLE
Merging item difficulty parameters of the four tests
Item3
Name
Commor
scale
d
c
Common scaT
d- (-0.13]
AO
AO
AO
AO
AO
A1
A1
A1
A1
A1
A2
A2
A2
A2
A2
A2
A2
B01
B02
B04
B06
B02
B1C
Bll
B12
B12
B1E
B17
B22
B2
B2(
B2
C01
C04
C06
C09
CIO
Cll
C12
C13
C20
C22
C23
-1.65
0.73
-0.51
-0.56
-1.86
-0.90
-0.20
-2.52
-1.97
1.72
0.87
-0.20
-0.59
-1.35
0.59
0.53
_ 1 1 n
-2.32
-2.85
-0.50
-0.78
-1.34
-0.97
-0.16
-2.03
-1.98
1.87
2.34
0.31
-1.31
0.48
1.07
-1.55
-0.90
0.64
4.92
0.67
-1.01
5.39
-1.22
2.75
0.51
-0.27
-1.52
0.72
-0.38
-0.42
-1.72
-0.77
-0.07
-2.22
-1.84
1.85
1.0C
-0.07
-0.46
-1.22
0.72
0.66
-n Q7
-2.19
-2.72
-0.37
-0.65
-1.21
-0.84
-0.03
-1.90
-1.85
2.00
2.47
0.44
-1.18
0.61
1.20
-1.42
-0.77
0.77
5.05
0.80
-0.98
5.52
-1.09
2.88
0.64
-0. 14
TABLE 7 (Cont'D)
Merging item difficulty parameters of the four tests
Itema
Name
Commi
scali
d
Common scale
d- f-0.13
C2
C2
C2
C2
do:
do:
D0
D0(
do:
Dl(
DM
di:
di:
DM
DI'
D21
D2:
D2.
D2-
D2.
D2«
D2
03
05
07
08
16
18
19
21
27
O.E
-1.3
-0.2
-0.6
-1.43
0.81
-0.24
-1.00
-1.70
-1.35
1.05
-2.29
-1.17
-0.42
3.96
1.11
-0.82
0.95
-0.8C
-0.26
-0.02
-0.24
-0.01
0.82
-0.06
0.11
-0.32
-1.30
3.6C
-0.02
0.26
0.9
-1.2
-0.1
-0.4
-1.3
0.9
-0.1
-0.8
-1.5
-1.2
1.1
-2.1
-1.0
-0.2
4.0
1.2
-0.6
1.0
-0.6
-0.1
0.1
_n 1
0.12
0.95
0.07
0.24
-0.19
-1.26
3.73
0.11
0.39
COMMON
LINKING
TTPMC
Mean= -0.13 Mean= 0.0C
a: Each letter that preceeds the numbers indicates the name
of the test.
METHOD (STAGE II
Targeted population
The targeted population was all the primary four
pupils who were in primary three in 1982.
Samp 1ing
Seventeen randomly selected schools in Singapore
were involved at this stage of study. A total of 625
primary four pupils took the tests. Of the 625 pupils,
360 of them had passed the primary three streaming
examination which was held in November, 1982. The
remaining 265 pupils were failures. Those who had passed
were channelled to the primary four normal bilingual (P4N)
course. Those who had failed were streamed to the
primary four extended bilingual (P4E) course. In this
respect, the P4N pupils could be considered to be
academically more abler than those P4E pupils. At the
time of the testing, all these pupils were in their
fourth year of primary education for a period of approxi¬
mately four weeks. The number of pupils from each of
the selected schools is recorded in Table 8.
In strument s
Two tests, viz Test I and Test II, each
containing 30 items were constructed, using items from the
calibrated item pool. Table 10 shows the composition of
items and their respective item difficulty parameters.
The mean difficulty level of the Test I was -0.26 logit.
The mean difficulty level of the Test II was 0.69 logit.
In this connection, the Test II was more difficult than
TARI.F. 8
g
Distribution of pupils in the P4N and P4E samples
School P4E Sampl P4N Sample
1. Belvedere Primary
2. Monk's Hill Primary
3. Henderson Primary
4. Mei Chin Primary
5. Si Ling Primary
6. Beatty Primary
7. MacRitchie Primary
8. De La Salle
9. Birkhall Road
10. Bt Merah South Primary
11. Jervois East
12. Ghim Moh Primary
13. Telok Belanga Primary
14. Selegie Primary
15. Delta Circus Primary
16. Hua Yi Primary
17. Chong Boon Primary
24
31
25
36
35
29
31
23
11
42
39
39
38
46
38
41
40
77
TOTAL: ? £8 360
a: For schools 1 to 8, only 1 class of P4N pupils was selected
from each school.
For schools 10 to 17, only 1 class of P4E pupils was selected
from each school.
For school 9, 1 class of P4N and 1 class of P4E pupils were
selected.
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the Test I by a mean difficulty level of 0.95 logit. A
set of seven common linking items were embedded in these
two tests. The list of the seven common linking items
are shown in Table 9.
TABLE 9
List of common linking items in Tests I and II
Item No.Item No.
in Test IIin Test I
3121.
14142.
16193.
20204.
21215.
25276.
26287.
Procedures
The Test I was administered to both the P4N and
P4E pupils. The Test II was taken by the P4N pupils only
All the pupils took the tests on February 9, 1983. No
irregularities during testing were reported. All the
selected pupils completed the tests within the stipulated
time of 90 minutes.
Data analysis
Item responses were dichotomously scored, i.e.
scores of' 1' and' 0' were assigned to correct and incorrect
TABLE 1(
Item difficulty parameters of Tests I and II
Q t Test II
Ite
Nc
Item
Name
Difficult
Parameter
Itei
Nnm
Difficult
01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
IS
2C
21
22
22
24
25
26
27
25
25
3C
C01
B02
A12
A13
C13
D06
D13
D18
B09
A06
B03
B16
All
C05
D15
Dll
D17
D02
C1C
D2C
C21
D22
C26
C22
B26
A2S
A27
C24
A2S
D25
-1.42
-2.72
-2.29
-1.85
-1.09
-0.87
-1.04
-1.26
-1.21
-1.43
0.12
-0. 19
-0.07
0.95
-0.29
-0.98
4.09
0.94
0.80
1.24
0.11
-0.69
-1.25
-0.14
0.61
0.66
0.39
0.97
-0.97
1.08
A01
A10
B16
A04
A02
D04
B07
B11
C06
A15
C14
BIO
DOS
C05
C20
CIO
C09
Dll
D19
D20
C21
A24
B22
A26
A27
C24
C28
D25
D26
B29
-1.52
-0.77
-0.19
-0.38
0.86
-0.11
-0.07
-0.03
0.77
1 .85
1 .74
-0.84
0.24
0.95
2.88
0.80
5.05
1.18
3.73
1.24
0.11
-0.46
0.44
0.72
0.39
0.97
-0.14
0.13
0.11
1. ?f
Mean= -0.26 Mean= 0.69
a: The letter that preceeds the item number is the name of the
test.
answers, respectively. These item responses were
analysed by computer programmes deviced by Masters (1982)
and modified by officers in the Research and Testing
Division, Ministry of Education in Singapore.
The three sets of the collected test data were
independently calibrated. The person's ability para¬
meters were estimated. The above procedures were
illustrated in the following:
Sample-free item calibration Item responses
made by the P4N and the P4E pupils on Test I were inde¬
pendently submitted for the Rasch item analysis. The
difficulty parameter of each item and its standard error
were estimated. Columns 2 and 4 of Table 11 show the
item difficulty parameters of Test I obtained from the
test data of these two groups of pupils. Column 3 and 5
indicate the standard errors of the respective item
difficulty parameters. A standardized difference for
each pair of difficulty parameters was computed using the
following method.
where D= Standardized difference between item
difficulty parameters
= Difficulty parameters obtained from the
P4N pupi1s
= Difficulty parameters obtained from the
P4E pupi 1 s
TABLE 11
Comparison of item difficulty parameters
of Tpt T obtained from P4E and P4N samules
Sample P4N Sample P4E
Item Difficulty Standard Difficulty Standard Standard Standardized
No. Parameter Error Parameter Error Error Difference
(combined)
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
-1.64
-1.99
-1.17
-1.17
-0.83
-1.64
-1.50
-1.57
-1.17
-1.80
2.05
• 0.20
0.46
2.05
-0.09
-1.50
2.63
0.87
0.75
1.27
0.07
-1.35
1.08
-0.69
0.08
0.33
1.39
0.65
-0.99
1.54
0.39
0.46
0.32
0.32
0.27
0.39
0.37
0.37
0.32
0.42
0. 12
0.18
0.22
0.12
0.20
0.37
0.16
0. 15
0.16
0.14
0.19
0.23
0. 14
0.26
0.19
0.18
0. 13
0.17
0.29
0.15
-1.04
-2.37
-1.79
-1.79
-0.97
-1.03
-1.69
-1.53
-1.40
-1.69
2.05
-0.03
0.97
1.85
-0.13
-1.44
2.96
1.10
0.52
1.32
0.18
-1.08
1.16
-0.24
0.26
0.36
1.77
1.05
-0.69
2.00
0.15
0.24
0.19
0.19
0.15
0.15
0.18
0.17
0.24
0.18
0.17
0.13
0.14
0.16
0.13
0.17
0.23
0.14
0.13
0.15
0.13
0.16
0.15
0.14
0.13
0.14
0.16
0.15
0.14
0.18
0.42
0.52
0.37
0.37
0.31
0.42
0.41
0.41
0.40
0.46
0.21
0.22
0.26
0.20
0.24
0.41
0.28
0.21
0.21
0.21
0.23
0.28
0.21
0.30
0.23
0.23
0.21
0.23
0.32
0.23
-1.44
0.73
1.67
1.67
0.45
-1.46
0.46
-0.10
0.58
-0.24
0.00
1.04
-1.96
1.00
0.17
-0.15
-1.18
-1.12
1.12
-0.24
-0.48
-0.96
-0.39
-1.52
-0.78
-0.13
-1.84
-1.76
-0.93
-1. Q6
S E Y= Standard error for X
S E= Standard error for X
According to Whitely and Dawis (1974), these
standardized differences are normally distributed with
a mean of zero and a standard deviation of unity. The
Pearson product-moment coefficient of correlation was
computed to examine the relationship between these two
sets of item difficulty parameters.
Test-free calibration The ability estimates of
the samples, which were based on their raw scores, were
separately calculated. The standard error for each
ability estimate was also computed. Columns 2 and 4 of
Table 12 are the ability estimates obtained from the
P4N and the P4E samples, respectively. The standard
errors for the respective ability estimates are shown in
Columns 3 and 5. A standardized difference for each pair
-of the ability estimates indicated by a particular raw
score was calculated using the following method.
where D= Standardized difference between the
ability estimates
= Ability estimates calculated from the
P 4 N s amp 1e
Y2= Ability estimates calculated from the
P4E sample
SE= Standard errors for Y-
TABLE 12
Comparison of ability estimates between
P4E and P4N samples
P4E sample
Raw
Score
Ability
Estimate
Standard
Error
P4N sample
Abi1ity
Estimate
Standard
Error
Standardized
Difference
29
28
27
26
25
24
23
22
21
20
19
18
17
16
15
14
13
12
11
10
9
8
7
6
5
4
3
2
1
4.56
3.54
2.92
2.47
2. 12
1.81
1.54
1.30
1.07
0.86
0.66
0.46
0.28
0.09
-0.09
-0.27
-0.46
-0.64
-0.83
-1.02
-1.21
-1.42
-1.64
-1.87
-2.13
-2.43
-2.80
-3.27
-4.03
1.18
0.87
0.72
0.62
0.57
0.53
0.50
0.48
0.47
0.45
0.45
0.44
0.43
0.43
0.43
0.43
0.45
0.43
0.43
0.44
0.45
0.46
0.47
0.50
0.52
0.56
0.64
0.74
1.05
4.36
3.57
3.05
2.66
2.32
2.03
1.76
1.51
1.27
1.04
0.82
0.61
0.40
0.19
-0.01
-0.21
-0.42
-0.62
-0.83
-1.05
-1.27
-1.50
-1.74
-2.01
-2.30
-2.64
-3.04
-3.56
-4.38
1.04
0.78
0.66
0.60
0.56
0.53
0.51
0.49
0.48
0.47
0.46
0.46
0.46
0.45
0.45
0.45
-0.45
0.46
0.46
0.47
0.49
0.49
0.50
0.52
0.55
0.59
0.67
0.78
1.08
0.13
-0.03
-0.13
-0.22
-0.25
-0.29
-0.31
-0.31
-0.30
-0.28
-0.25
-0.24
-0.19
-0.16
-0. 13
-0.10
-0.06
-0.03
0.00
0.05
0.09
0.12
0.15
0.19
0.22
0.26
0.26
0.37
0.23
SE= Standard errors for Y
The Pearson product-moment coefficient of correlation to
check the agreement of these two sets of ability estimate
was also computed.
Equivalence of ability estimates The ability
estimates of the P4N pupils taking Test I and Test II
were calculated separately. For each P4N pupil, a paii
of ability estimates based on raw scores gained in the
two tests were computed. The standard error for each
obtained ability estimate was also calculated.
Columns 3 and 5 of Table 13 show the ability
estimates obtained from raw scores on Test I and Test II
respectively. Columns 4 and 7 are the standard errors c
corresponding ability estimates.
A standardized difference for each pair of the
ability estimates was determined by the following methoc
where DA= Standardized difference between a pair
of ability estimates
= Ability estimates obtained from pupils'
performance in Test I
= Ability estimates obtained from pupils'
performance in Test II
SE?= Standard errors for Z
SE= Standard errors for Z
The Pearson product-moment coefficient of correlation for
T A B L E 1 3
Comparison of ability estimates of P4N pupil
based on their performance on Tests I ft II
Test I Tpct T1
Student Raw Ability Standard Raw Ability Standard Standardized
I.D. Score Estimate Error Score Estimate Error Difference
143
402
222
424
207
209
216
193
221
352
137
344
116
147
178
185
148
295
429
331
305
358
124
. 428
108
158
177
191
267
273
367
437
202
111
117
159
170
343
369
375
162
173
183
353
230
234
238
326
411
315
24
19
23
26
22
25
24
23
23
23
27
27
26
26
26
26
24
24
23
22
21
21
15
28
28
28
28
28
28
28
28
28
7
27
27
27
27
27
27
27
26
26
26
26
25
24
24
24
24
17
1.81
0.66
1.54
2.47
1.30
2. 12
1.81
1.54
1.54
1.54
2.92
2.92
2.47
2.47
2.47
2.47
1.81
1.81
1.54
1.30
1.07
1.07
-0.09
3.54
3.54
3.54
3.54
3.54
3.54
3.54
3.54
3.54
-1.64
2.92
2.92
2.92
2.92
2.92
2.92
2.92
2.47
2.47
2.47
2.47
2.12
1.81
1.81
1.81
1.81
0.28
0.53
0.45
0.50
0.62
0.48
0.57
0.53
0.50
0.50
0.50
0.72
0.72
0.62
0.62
0.62
0.62
0.53
0.53
0.50
0.48
0.47
0.47
0.43
0.57
0.87
0.87
0.87
0.87
0.87
0.87
0.87
0.87
0.47
0.72
0.72
0.72
0.72
0.72
0.72
0.72
0.62
0.62
0.62
0.62
0.57
0.53
0.53
0.53
0.53
0.43
29
24
27
29
26
28
27
26
26
26
29
29
28
28
28
28
26
26
25
24
23
23
17
29
29
29
29
29
29
29
29
29
8
28
28
28
28
28
28
28
27
27
27
27
26
25
25
25
25
18
4.18
1.73
2.78
4.18
2.36
3.33
2.78
2.36
2.36
2.36
4.18
4.18
3.33
3.33
3.33
3.33
2.36
2.36
2.02
1. 13
1.47
1.47
0.26
4. 18
4.18
4. 18
4. 18
4.18
4.18
4.18
4.18
4.18
-1.31
3.33
3.33
3.33
3.33
3.33
3.33
3.33
2.78
2.78
2.78
2.78
2.36
2.02
2.02
2.02
2.02
0.44
1.08
0.52
0.68
1.08
0.61
0.81
0.68
0.61
0.61
0.61
1.08
1.08
0.81
0.81
0.81
0.81
0.61
0.61
0.56
0.52
0.49
0.49
0.42
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
0.54
0.81
0.81
0.81
0.81
0.81
0.81
0.81
0.68
0.68
0.68
0.68
0.61
0.56
0.56
0.56
0.56
0.42
-1.97
-1.55
-1 .46
-1 .37
-1.36
-1.22
-1.12
-1.03
-1.03
-1 .03
-0.97
-0.97
-0.84
-0.84
-0.84
-0.84
-0.68
-0.68
-0.63
-0.60
-0.58
-0.58
-0.58
-0.52
-0.46
-0.46
-0.46
-0.46
-0.46
-0.46
-0.46
-0.46
-0.46
-0.37
-0.37
-0.37
-0.37
-0.37
-0.37
-0.37
-0.33
-0.33
-0.33
-0.33
-0.28
-0.27
-0.27
-0.27
-0.27
-0.26
TABLE 13 (Cont'd)
Comparison of ability estimates of P4N pupils
based on their performance on Tests!§ II
Test I Test II
Studern
I. D.
Raw
Score
Ab i 1 i t y
Estimate
Standard
Error
Raw
Score
Ability
Estimate
Standard
Error
Standardized
Difference
20S
412
413
459
424
256
311
391
419
420
109
374
430
324
399
454
370
120
299
302
303
338
417
205
219
- 350
393
252
336
341
354
405
443
317
449
129
133
136
150
151
259
285
296
372
395
421
103
139
140
160
23
23
23
23
23
22
22
22
24
24
19
26
21
23
23
23
22
24
24
24
24
24
24
25
25
25
25
26
26
26
26
26
26
26
25
27
27
27
27
27
27
27
27
27
27
27
28
28
28
28
1.54
1.54
1.54
1.54
1.54
1.30
1.50
1.30
1.81
1.81
0.66
2.67
1.07
1.54
1.54
1.54
1.30
1.81
1.81
1.81
1.81
1.81
1.81
0.12
0.12
0.12
0.12
2.47
2.47
2.47
2.47
2.47
2.47
2.47
2.12
2.92
2.92
2.92
2.92
2.92
2.92
2.92
2.92
2.92
2.92
2.92
3.54
3.54
3.54
3.54
0.50
0.50
0.50
0.50
0.50
0.48
0.48
0.48
0.53
0.53
0.45
0.62
0.47
0.50
0.50
0.50
0.48
0.53
0.53
0.53
0.53
0.53
0.53
0.57
0.57
0.57
0.57
0.62
0.62
0.62
0.62
0.62
0.62
0.62
9.57
0.72
0.72
0.72
0.72
0.72
0.72
0.72
0.72
0.72
0.72
0. 72
0.87
0.87
0.87
0.87
24
24•
24
24
24
23
23
23
25
25
20
27
21
23
23
23
22
24
24
24
24
24
24
25
25
25
25
26
26
26
26
26
26
26
20
27
27
27
27
27
27
27
27
27
27
27
28
28
28
28
1.73
1.73
1.73
1.73
1.73
1.47
1.47
1 .47
2.02
2.02
0.81
2.78
1.02
1.47
1.47
1.47
1.23
1.73
1.73
1.73
1.73
1.73
1.73
2.02
2.02
2.02
2.02
2.36
2.36
2.36
2.36
2.36
2.36
2.36
0.81
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
3.33
3.33
3.33
3.33
0.52
0.52
0.52
0.52
0.52
0.49
0.49
0.49
0.68
0.68
0.44
0.68
0.46
0.49
0.49
0.49
0.47
0.52
0.52
0.52
0.52
0.52
0.52
0.56
0.56
0.56
0.56
0.61
0.61
0.61
0.61
0.61
0.61
0.61
0.43
0.68
0.68
0.68
0.68
0.68
0.68
0.68
0.68
0.68
0.68
0.68
0.81
0.81
0.81
0.81
-0.26
-0.26
-0.26
-0.26
-0.26
-0.24
-0.24
-0.24
-0.24
-0.24
-0.23
-0.11
0.07
0.09
0.09
0.09
0.10
0. 10
0.10
0.10
0.10
0.10
0.10
0.12
0.12
0.12
0.12
0.12
0.12
0.12
0.12
0.12
0.12
0.12
0.13
0.14
0.14
0.14
0.14
0. 14
0.14
0. 14
0.14
0.14
0.14
0. 14
0.17
0. 17
0.17
0.17
TABLE 13 (Cont'd)
Comparison of ability estimates of P4N pupils
based on their performance on Tests I§ II
Test I Tpqf TT
Student Raw Ability Standard
I.D. Score Estimate Error
Raw Ability Standard
Score Estimate Error
Standardized
Difference
268
279
360
378
415
107
110
128
141
182
260
262
287
346
373
101
431
194
226
320
335
340
410
125
223
232
441
418
244
251
122
289
385
388
389
152
184
214
225
237
243
269
272
321
377
406
452
169
240
248
28
28
28
28
28
29
29
29
29
29
29
29
29
29
29
15
15
22
22
23
23
23
23
24
24
24
24
26
25
25
25
25
25
25
25
26
26
26
26
26
26
26
26
26
26
26
26
27
27
27
3.54
3.54
3.54
3.54
3.54
4.56
4.56
4.56
4.56
4.56
4.56
4.56
4.56
4.56
4.56
-0.09
-0.09
1.30
1.30
1.54
1.43
1.43
1.43
1.81
1.81
1.81
1.81
2.47
2.12
2.12
2.12
2.12
2.12
2.12
2.12
2.47
2.47
2.47
2.47
2.47
2.47
2.47
2.47
2.47
2.47
2.47
2.47
2.92
2.92
2.92
0.87
0.87
0.87
0.87
0.87
1.18
1.18
1.18
1.18
1.18
1.18
1.18
1.18
1.18
1.18
0.43
0.43
0.48
0.48
0.50
0.50
0.50
0.50
0.53
0.53
0.53
0.53
0.62
0.57
0.57
0.57
0.57
0.57
0.57
0.57
0.62
0.62
0.62
0.62
0.62
0.62
0.62
0.62
0.62
0.62
0.62
0.62
0.72
0.72
0.72
28
28
28
28
28
29
29
29
29
29
29
29
29
29
29
14
14
21
21
22
22
22
22
23
23
23
23
25
24
24
24
24
24
24
24
25
25
25
25
25
25
25
25
25
25
25
25
26
26
26
3.33
3.33
3.33
3.33
3.33
4.18
4.18
4.18
4.18
4.18
4. 18
4.18
4.18
4.18
4.18
-0.24
-0.24
1.02
1.02
1.23
1.23
1.23
1.23
1 ..47
1.47
1.47
1.47
2.02
1.73
1.73
1.73
1.73
1.73
1.73
1.73
2.02
2.02
2.02
2.02
2,02
2.02
2.02
2.02
2.02
2.02
2.02
2.02
2.36
2.36
2.36
0.81
0.81
0.81
0.81
0.81
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
0.14
0.14
0.46
0.46
0.47
0.47
0.47
0.47
0.49
0.49
0.49
0.49
0.68
0.53
0.53
0.53
0.53
0.53
0.53
0.53
0.56
0.56
0.56
0.56
0.56
0.56
0.56
0.56
0.56
0.56
0.56
0.56
0.61
0.61
0.61
0.17
0.17
0.17
0.17
0.17
0.23
0.23
0.23
0.23
0.23
0.23
0.23
0.23
0.23
0.23
0.25
0.25
0.42
0.42
0.45
0.45
0.45
0.45
0.47
0.47
0.47
0.47
0.48
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.53
0.53
0.53
0.53
0.53
0.53
0.53
0.53
0.53
0.53
0.53
0.53
0.59
0.59
n c: o
TABLE 13 (Cont'd}
Comparison of ability estimates of P4N pupils
based-on their performance on Tests I§ II
Test I Test II
Student
I. D.
Raw
Score
Ability
Estimate
Standarc
Error
Raw
Score
Ability
Estimate
Standard
Error
Standardized
Difference
277
293
304
347
408
434
453
145
165
280
195
278
291
334
339
362
386
404
433
457
118
397
384
167
231
241
442
126
319
128
407
217
261
357
364
368
376
440
255
288
298
301
322
365
425
246
282
381
427
114
27
27
27
27
27
27
27
28
28
28
28
28
28
28
28
28
28
28
28
28
21
21
22
23
23
23
23
24
24
24
24
29
29
29
29
29
29
29
25
25
25
25
25
25
25
26
26
26
26
19
2.92
2.92
2.92
2.92
2.92
2.92
2.92
3.54
3.54
3.54
3.54
3.54
3.54
3.54
3.54
3.54
3.54
3.54
3.54
3.54
1.07
1.07
1.30
1.54
1.54
1.54
1.54
1.81
1.81
1.81
1.81
4.56
4.56
4.56
4.56
4.56
4.56
4.56
2.12
2.12
2.12
2.12
2.12
2.12
2.12
2.47
2.47
2.-47
2.47
0.66
0.72
0.72
0.72
0.72
0.72
0.72
0.72
0.87
0.87
0.87
0.87
0.87
0.87
0.87
0.87
0.87
0.86
0.86
0.86
0.86
0.47
0.47
0.48
0.50
0.50
0.50
0.50
0.53
0.53
0.53
0.53
1.18
1.18
1.18
1.18
1.18
1. 18
1.18
0.57
0.57
0.57
0.57
0.57
0.57
0.57
0.62
0.62
0.62
0.62
0.45
26
26
26
26
26
26
26
27
27
27
27
27
27
27
27
27
27
27
27
27
19
19
20
21
21
21
21
22
22
22
22
28
28
28
28
28
28
28
23
23
23
23
23
23
23
24
24
24
24
16
2.36
2.36
2.36
2.36
2.36
2.36
2.36
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
0.62
0.62
0.81
1.02
1.02
1.02
1.02
1.23
1.23
1.23
1.23
3.33
3.33
3.33
3.33
3.33
3.33
3.30
1.47
1.47
1.47
1.47
1.47
1.47
1.47
1.73
1.73
1.73
1.73
.0.09
0.61
0.61
0.61
0.61
0.61
0.61
0.61
0.68
0.68
0.68
0.68
0.68
0.68
0.68
0.68
0.68
0.68
0.68
0.68
0.68
0.43
0.43
0.44
0.46
0.46
0.46
0.46
0.47
0.47
0.47
0.47
0.81
0.81
0.81
0.81
0.81
0.81
0.81
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.53
0.52
0.52
0.52
0.41
0.59
0.59
0.59
0.59
0.59
0.59
0.59
0.68
0.68
0.68
0.68
0.68
0.68
0.68
0.68
0.68
0.68
0.68
0.68
0.68
0.70
0.70
0.75
0.76
0.76
0.76
0.76
0.81
0.81
0.81
0.81
0.85
0.85
0.85
0.85
0.85
0.85
0.85
0.86
0.86
0.86
0.86
0.86
0.86
0.86
0.90
0.91
0.91
0.91
0.93
TABLE 13 ('Cont'd!
Comparison of ability estimates of P4N pupils
based on their performance on Test I§ II
Test I Test II
Student
I. D.
276
280
132
142
190
200
213
247
257
274
290
356
398
436
134
105
135
138
161
176
179
197
199
236
283
306
361
366
396
422
297
435
445
228
271
416
115
119
189
201
258
312
314
332
403
448
409
456
112
166
Raw
Score
27
27
27
27
27
27
27
27
27
27
27
27
27
27
23
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
24
24
24
25
25
25
26
26
26
26
26
26
26
26
26
26
21
21
29
29
Ability
Estimate
2.92
2.92
2.92
2.92
2.92
2.92
2.92
2.92
2.92
2.92
2.92
2.92
2.92
2.92
1.54
3.54
3.54
3.54
3.54
3.54
3.54
3.54
3.54
3.54
3.54
3.54
3.54
3.54
3.54
3.54
1.81
1.81
1.81
2.12
2.12
2.12
2.47
2.47
2.47
2.47
2.47
2.47
2.47
2.47
2.47
2,47
1.07
1.07
4.56
4. 56
Standard
Error
0.72
0.72
0.72
0.72
0.72
0.72
0.72
0.72
0.72
0.72
0.72
0.72
0.72
0.72
0.50
0.87
0.87
0.87
0.87
0.87
0.87
0.87
0.87
0.87
0.87
0.87
0.87
0.87
0.87
0.87
0.53
0.53
0.53
0.57
0.57
0.57
0.62
0.62
0.62
0.62
0.62
0.62
0.62
0.62
0.62
0.62
0.47
0.47
1.18
1.18
Raw
Score
25
25
25
25
25
25
25
25
25
25
25
25
25
25
20
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
21
21
21
22
22
22
23
23
23
23
23
23
23
23
23
23
17
17
27
27
Ability
Estimate
2.06
2.06
2.02
2.02
2.02
2.02
2.02
2.02
2.02
2.02
2.02
2.02
2.02
2.02
0.81
2.36
2.36
2.36
2.36
2.36
2.36
2.36
2.36
2.36
2.36
2.36
2.36
2.36
2.36
2.36
1.02
1.02
1.02
1.23
1.23
1.23
1.47
1.47
1.47
1.47
1.47
1.47
1.47
1.47
1.47
1.47
0.26
0.26
2.78
2.78
Standard
Error
0.56
0.56
0.56
0.56
0.56
0.56
0.56
0.56
0.56
0.56
0.56
0.56
0.56
0.56
0.44
0.61
0.61
0.61
0.61
0.61
0.61
0.61
0.61
0.61
0.61
0.61
0.61
0.61
0.61
0.61
0.46
0.46
0.46
0.47
0.47
0.47
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.42
0.42
0.68
0.68
Standardized
Difference
0.94
0.94
0.98
0.98
0.98
0.98
0.98
0.98
0.98
0.98
0.98
0.98
0.98
0.98
1.09
1.11
1.11
1.11
1.11
1.11
1.11
1.11
1.11
1.11
1.11
1.11
1.11
1.11
1.11
1.11
1.12
1.12
1.12
1.20
1.20
1.20
1.26
1.26
1.26
1.26
1.26
1.26
1.26
1.26
1.26
1.26
1.28
1.28
1.30
1.30
TABLE 13 (Cont'd)
Comparison of ability estimates of P4N pupils
based on their -performance on Tests I§ II
Test I Test II
Student
I .D.
Raw
Score
Ability
Estimate
Standard
Error
Raw
Score
Ability
Estimate
Standard
Error
Standardized
Difference
196
212
265
349
414
438
460
250
188
253
254
263
447
239
275
249
310
348
259
106
127
284
355
392
383
102
382
227
149
155
175
215
329
345
426
359
131
229
264
294
330
387
394
432
390
309.
233
204
206
. 308
29
29
29
29
29
29
29
27
27
27
27
27
27
23
24
28
28
28
28
25
25
25
25
25
21
26
26
22
29
29
29
29
29
29
29
29
27
27
27
27
27
27
27
23
18
24
28
28
28
28
4.56
4.56
4.56
4.56
4.56
4.56
4.56
2.92
2.92
2.92
2.92
2.92
2.92
1.54
1.81
3.54
3.54
3.54
3.54
2.12
2.12
2.12
2.12
2.12
1.07
2.47
2.47
1.30
4.56
4.56
4.56
4.56
4.56
4.56
4.56
4.56
2.92
2.92
2.92
2.92
2.92
2.92
2.92
1.54
0.46
1.81
3.54
3.54
3.54
.3.54
1. 18
1.18
1.18
1.18
1.18
1.18
-1.18
0.72
0.72
0.72
0.72
0.72
0.72
0.50
0.53
0.87
0.87
0.87
0.87
0.57
0.57
0.57
0.57
0.57
0.47
0.62
0.62
0.48
1.18
1.18
1.18
1.18
1.18
1.18
1.18
1.18
0.72
0.72
0.72
0.72
0.72
0.72
0.72
0.50
0.44
0.53
0.87
0.87
0.87
0.87
27
27
27
27
27
27
27
24
24
24
24
24
24
19
20
25
25
25
25
21
21
21
21
21
16
22
22
17
26
26
26
26
26
26
26
26
23
23
23
23
23
23
23
18
12
19
24
24
24
24
2.78
2.78
2.78
2.78
2.78
2.78
2.78
1.73
1.73
1.73
1.73
1.73
1.73
0.62
0.81
2.02
2.02
2.02
2.02
1.02
1.02
1.02
1.02
1.02
0.09
1.23
1.23
0.26
2.36
2.36
2.36
2.36
2.36
2,36
2.36
2.36
1.47
1.47
1.47
1.47
1.47
1.47
1.47
0.44
-0.58
0.62
1.73
1.73
1.73
1.73
0.68
0.68
0.68
0.68
0.68
0.68
0.68
0.53
0.52
0.52
0.52
0.52
0.52
0.43
0.44
0.56
0.56
0.56
0.56
0.46
0.46
0.46
0.46
0.46
0.41
0.47
0.47
0.42
0.61
0.61
0.61
0.61
0.61
0.61
0.61
0.61
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.42
0.41
0.43
0.53
0.52
0.52
0.52
1.30
1.30
1.30
1.30
1.30
1.30
1.30
1.33
1.33
1.33
1.33
1.33
1.33
1.39
1.45
1.46
1.46
1.46
1.46
1.50
1.50
1.50
1.50
1.50
1.57
1.59
1.59
1.63
1.65
1.65
1.65
1.65
1.65
1.65
1.65
1.65
1.66
1.66
1.66
1.66
1.66
1.66
1.66
1.68
1.72
1.74
1.77
1.78
1.78
1.78
TABLE 13 (Cont'd)
Comparison of ability estimates of P4N pupils
based on their performance on Tests I 5 II
TpSt T Test IT
Student
I. D.
Raw
Score
Ability
Estimate
Standard
Error
Raw
Score
Ability
Estimate
Standard
Error
Standardized
Difference
371
379
286
316
333
400
380
300
235
187
192
327
444
154
211
218
307
313
401
423
123
266
451
224
• 164
337
325
358
323
130
245
270
363
292
121
450
113
1 81
28
28
25
25
25
21
22
26
23
29
29
29
29
27
27
27
27
24
24
24
28
28
28
26
29
29
27
23
24
28
28
28
20
27
25
27
21
23
3.54
3.54
2.12
2.12
2.12
1.07
1.30
2.47
2.54
4.56
4.56
4.56
4.56
2.92
2.92
2.92
2.92
1.81
1.81
1.81
3.54
3.54
3.54
2.47
4.56
4.56
2.92
1.54
1.81
3.54
3.54
3.54
0.86
2.92
2.12
2.92
1.07
1.54
0.87
0.87
0.57
0.57
0.57
0.47
0.48
0.62
0.50
1.18
1.18
1.18
1.18
0.72
0.72
0.72
0.72
0.53
0.53
0.53
0.87
0.87
0.87
0.62
1.18
1.18
0.72
0.50
0.53
0.87
0.87
0.87
0.45
0.72
0.57
0.72
0.47
0.50
24
24
20
20
20
15
16
21
22
25
25
25
25
22
22
22
22
18
18
18
23
23
23
20
24
24
21
16
17
22
22
22
12
20
17
18
11
13
1.73
1.73
0.81
0.81
0.81
-0.08
0.09
1.02
1.23
2.02
2.02
2.02
2.02
1.23
1.23
1.23
1.23
0.44
0.44
0.44
1.47
1.47
1.47
0.81
1.73
• 1.73
1.02
0.09
0.26
1.23
1.23
1.23
-0.58
0.81
0.26
0.62
-0.75
-0.41
0.52
0.52
0.44
0.44
0.44
0.41
0.44
0.46
0.47
0.56
0.56
0.56
0.56
0.47
0.47
0.47
0.47
0.42
0.42
0.42
0.49
0.49
0.49
0.44
0.52
0.52
0.46
0.41
0.42
0.47
0.47
0.47
0.41
0.44
0.42
0.43
0.42
0.41
1.78
1.78
1.81
1.81
1.81
1.84
1.85
1.87
1.90
1.94
1.94
1.94
1.94
1.97
1.97
1.97
1.97
2.02
2.02
2.02
2.07
2.07
2.07
2.18
2.19
2.19
2.22
2.24
2.29
2.33
2.33
2.33
2.36
2.50
2.62
2.74
2.88
3.01
these two sets of raw scores and the ability estimates
for the P4N pupils taking the Test I and Test II were
also computed.
Equating of test scores In order to equate the
scores of P4E pupils on Test I to the scores of P4N
pupils on Test II, an equating procedure suggested by
Wright (1977) was adopted. According to Wright, a
person's score depends primary on the number of item K
in the test, their mean difficulty level M, an expansion
factor E= (1+ V2.89) 2, which represents their
difficulty variance V,. and the ability a of a person who
earns a score x. A person's score x, that is the total
number of the correct answers obtained on a calibrated
subtest can be estimated as follows:
(21)
The equation (21) can be re-written as
(22)
which gives the ability estimate, a of a person with aX
score of x. The standard error, SE (a) of each abilityX
estimate can be obtained by solving the equation
(23)
In this study, the between test differences in
difficulty of Test I and Test II were first adjusted
using the linking items so that the difficulty parameters
of the two tests were on the same scale of calibration.
I A'
Columns 3 and 5 of Table 14 show the adjusted item
. difficulty parameters for Tests I and II, respectively.
tabu; 14
Distribution of item difficulty parameters for Test I
calibrated from P4H and IMN samples
Test I (P41;) Test II (IMN)
I tern
Dif ficu11 v
Original
Parameters
Ad] list cd
D i f f i c u 11 y
Original
Parameters
Adj u s t ed
01
02
05
04
05
06
07
OS
09
10
11
12
15
14
15
16
17
18
19
20
21
22
25
24
25
26
27
28
29
50
-1.04
-2.57
-1.79
-1 .79
-0.97
-1.05
-1.69
-1 .55
-1.40
-1.69
2.05
-0.05
0.97
1.85
0.15
-1.44
2.96
1.10
0.52
1.52
0. 18
-1 .08
1.16
-0.24
0.26
0.56
1.77
1.05
-0.69
2.00
-1 .04
-2.57
-1 .79
-1.79
-0.97
-1.05
-1 .69
-1 .55
-1.40
-1 .69
2.05
0.18
0.97
2.12
0.15
-1 .44
2.96
1.10
0.49
1 .45
0.15
-1.08
1.16
-0.24
0.26
0.56
1 .62
1.27
-0.69
2.00
-1 .58
-1 .78
-0.49
-0.89
-0. 19
-0.05
-1.14
-1 .05
-0.45
1 .55
1.65
-1 .52
1 .07
1.51
2.72
-0.45
0.05
0.56
. J
0.69
-0.76
-1 .78
-0.40
-0.00
0.59
-0.60
-0.49
-0.60
-0.19
0.55
-0.50
-0.90
0.18
-0.01
0.69
0.85
-0.26
-0.15
0.45
2.25
2.51
- 0.64
1 .95
2.12
5.60
0.45
0.95
1.24
4.21
1 .45
0.15
-0.90
0.48
0.88
1 .62
1 .27
0.59
0.28
0.69
1.45
MEAN
Std Dev
-0.016
1.42
0.890
1.20
For eac h ra w score x ga i ncd by a pupil on Tes t
I, the corresponding ability estimate was obtained by
solving For a from liquation (22). The standard error
of each ability estimate could also be obtained by
solving for SI: (a) in liquat ion (23). The raw scores,
their corresponding ability estimates and standard errors
are shown in Co1umns 1, 2 and 5 of Tab1c 14.
The following ex a in p 1 e is given to illustrate
t h e equating procedure.
Using the notations defined previously, as for Test I
From the equation (22), the ability estimate a of a
pupil with a test score of 13 is equal to
and the corresponding standard error of a, is SI: (a)
which is equal to
Now, for Test II,
Using the equation (21), the estimated test score with
a n abi1it y e stim ate of -0.36 1 o git is c qu a 1 to x w here
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Thus a test score off 13 on Test I can he
considered to be equivalent to a test score of 8 on Test
I I. Each test score on Test I and its equivalent on Test
II are shown in Columns 1 and 5 of Table 15.
(rounded to the nearest whole number)
TAB LI; IS
Equivalence of test scores for Test I and Test II
Test 1 Test II Estimated
Raw
Score
Abi1it y
list imatc
Standard
Error
Ra w
Score
Raw
Score (Rounded)
01
02
05
04
05
06
07
OS
09
10
11
12
15
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
-4.39
-3.45
-2.87
-2.45
-2.11
-1.S2
-1.56
-1.35
-1.12
-0.92
-0.73
-0.54
-0.36
-0. 19
-0.02
0.16
0.33
0.51
0.69
0.89
.1.09
1.30
1.53
1.79
2.08
2.42
2.84
3.41
4.36
1 .32
0.95
0.79
0.70
0.64
0.59
0.56
0.54
0.52
0.50
0.49
0.4S
0.48
0.48
0.47
0.48
0.48
0.48
0.49
0.50
0.52
0.54
0.56
0.59
0.64
0.70
0.79
0.95
1.32
0.34
0.83
1 .52
1 .82
2.36
2.94
3.55
4. 12
4 .84
5.55
6.28
7. 10
7.92
8.76
9.67
10.64
11 .62
12.68
13.77
15.00
16.23
17.49
18.85
20.29
21.78
23.34
24.95
26.63
28.35
00
01
01
02
02
03
04
04
05
06
06
07
08
09
10
11
12
13
14
15
16
17
19
20
22
23
25
27
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C11A P T11R I V
UI-SULTS AND DISCUSSIONS
Rel inhi 1 i tv of t ho. i narninfMit
Th e means of t h e Tests A, B, C a n d U w ere 22.4,
21.1, 20.3 and 21.9, respectively (see Table 3). The
maximum possible score for each test was 30. T h e s e means
indicated that the tests were easy for the sample pupils
concerned. The reliability indexes of the tests based
on Kuder-Richardson formula 20, i.e. KR-20, ranged from
0.87 to 0.90. which were considered to be acceotable.
The test statistics for Test I and Test II an
e U a «.f r i a HP K 1 n 1 A
TABLE 16
Means, standard deviations and reliabilities
of Tests I 5 I I
To? t Test
n a D A P 4 E f, P 4 P 4
Total N c
-P tmi rs T 1
? ( 3( 62 3
1( 2 6. 22. 24
St and ar
i••
A 2. 5. J 3.!
Reliabili
-i n rl a v 0. I 0.'
The reliability indexes for Test I and Test II were 0.89
and 0.73, respectively. The reliability of Test I is
considered to be satisfactory while that of Test II is
considered to be acceptable.
Item selection
All in all, 13 items were rejected by the Rasch
procedures at the p= 0.05 level. Among the rejected
items, it appeared that all these items except items CO2
and D19, could have been accepted. The difficulty para¬
meters of most of these items were greater than zero
which could be considered to be moderately difficult.
The discrimination indexes of nearly all the rejected
items were greater than 0.30, a value which according to
Ebel (1972) is acceptable.under the classical model. As
far as this study is concerned, there was little agree¬
ment on the criteria of item rejection between the Rasch
model and the classical model. The items were rejected
on the ground that we would not expect the Rasch model
to hold if items which did not fit the model were used.
Item shift
The difficulty parameters of the common items in
the four tests were estimated independently using four
different samples. The item shift values between Test A
and Test B, Test C and Tests A 5 B combined, and T est 1)
and Tests A, B C combined were 0.01, 0.82 and 0.12,
respectively (see Table 6.2, Appendices K and L). These
values were small and near to zero. This implies that
t h e a d j u s t m cnts o f i t e in tl i f f i c u 1 t y]) a r a in c t e r s b e t w e e n
tests w e r c s in all.
A b i 1 i t y of the s a in pies
The mean raw scores on Test I for P 4 IS and P4N
samples were 16.5 and 26.0, respectively (sec Table 16).
A t-1 e s t on these means revealed that the performance of
these two samples were significantly dif f erent wit h t=
5 4.2 and p 0. 0 0 5. The mean 'ability' scores for P 41:
and P 4 N samples were 0.52 and 2.71 1 o g i t s, respectively
(see Table 17). A t-test on these mean 'ability' scores
shows that the 'ability' of these samples were signifi¬
cantly different with t= 29.5 and p 0. 005. These
results confirm that the P4N pupils are of higher ability
than their counterparts in P 4 E sample.
Sample-free item calibration
The last column of Table 11 gives the standardized
differences between pairs of item difficulty parameters
estimated separately from the P 4 E and P 4N samples. The
standardized differences ranged between -1.96 and 1.96.
These results confirmed that there was no significant
difference between item difficulty parameters at the
p= 0.05 level. Figure 2 illustrates the relationship of
item difficulty parameters for Test I items. Each point
in Figure 2 defines an item of Test I. All the items
fall within the +2 standard errors range, that is within
the 95% confidence boundaries. The product-moment
correlation between these two sets of item difficulty
TABLE 17
Distribution of raw scores on Test I and the
corresponding ability estimates for P4E and P4N samples
P4E sample P4N sample
Raw
Marl
Ability
: estimate
Standarc
Error
Frequency
(pupils)
Ability
estimate
Standarc
Error
Frequenc)
fpupiIs)
29
28
27
26
25
24
23
22
21
20
19
18
17
16
15
14
13
12
11
10
09
08
07
06
05
04
03
02
01
4.36
3.57
3.05
2.66
2.32
2.03
1.76
1.51
1.27
1.04
0.82
0.61
0.40
0.19
-0.01
-0.21
-0.42
-0.62
-0.83
-1.05
-1.27
-1.50
-1.74
-2.01
-2.30
-2.64
-3. 04
-3.56
-4.38
1.04
0.78
0.66
0.60
0.56
0.53
0.51
0.49
0.48
0.47
0.43
0.46
0.46
0.45
0.45
0.45
0.45
0.46
0.46
0.47
0.48
.0.49
0.50
0.52
0.55
0.59
0.67
0.78
1.08
0
1
3
2
4
3
6
9
10
19
21
22
30
26
25
20
23
14
9
5
4
5
3
0
0
0
0
0
0
4.56
3.54
2.92
2.47
2.12
1.81
1.54
1.30
1.07
0.86
0.66
0.46
0.28
0.09
-0.09
-0.27
-0.46
-0.64
-0.83
-1.02
-1.21
-1.42
-1.64
-1.87
-2.13
-2.43
-2 .80
-3.27
-4.03
1.18
0.87
0.72
0.62
0.57
0.53
0.50
0.48
0.47
0.45
0.45
0.44
0.43
0.43
0.43
0.43
0.43
0.43
0.43
0.44
0.45
0.46
0.47
0.50
0.52
0.56
0.64
0.74
1.05
44
64
45
49
34
33
27
11
10
1
3
1
1
0
3
0
0
0
0
0
0
0
1
0
0
0
0
0
0
MEAN
S.D.
0.32
0.90
2.71
1.07
parameters was 0.97 which indicated that they were highly
correlated. These findings conclude that the Rasch item
difficulties are invariant with respect to the selected
s amp 1e s.
Test-free calibration
The last column of the Table 12 indicates the
standardized differences between the ability estimates
which were estimated separately from the P4E and P4N
samples. These standardized differences ranged from -0.31
to 0.27. The results confirm, that there was no
significant difference between these two sets of ability
estimates at the p= 0.05 level. In actual fact, none
of the standardized differences were significantly
different even at the p= 0.35 level. The product-moment
correlation was 0.998 which indicated a near perfect
correlation. Figure 3 shows the graphs of the ability
estimates and the corresponding raw scores on Test I for
the two samples. The two graphs almost coincide with
each other. The findings conclude that the ability
estimates are invariant with respect to the ability
distribution of the selected samples.
Equivalence of 'ability' scores
The last column of Table 13 shows the standar¬
dized differences between the ability estimates for each
P4N pupil on Tests I§ II. The data of 12 pupils were
I...•
not included because they obtained maximum possible
scores in one of the two tests. Under the Rasch item
FIGURE 2
Item difficulties for Test I
estimated from P4E£ P4N samples
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analysis, a person with a maximum possible score has to
be excluded. The standardized differences for 311 out of
338 pupils were not significantly different at the p=
0.05 level. An approximately 8% of the observations were
found to be significantly different. The product-moment
correlation coefficient between these two sets of ability
estimates was 0.63 which shows a moderate correlation.
This moderate correlation might be due to the following
two reasons. Firstly, the mean of the ability estimates
for P4N pupils based on their test scores on Test I was
2.71 logits (see Table 18) and the item difficulty para-
meters of 23 out of 30 in Test I were less than 0.65 logit
(see Table 11). Since the difference between the mean
ability estimates and the item difficulty parameters were
more than 2 logits which according to Wright (1977), the
measurement was slightly 'off target'. He suggested that
for efficient calibration, sample design, and best test
design, this difference should be kept within the range
of -1 to 1. Secondly, 97% or nearly all the raw scores on
Test I for P4N pupils fell within a range between 21 and
30 of which 30 was the maximum score. Any slight fluctua-
tion of 1 to 2 marks, an accepted error due to the 'gues-
sing' or 'slipping' factor would result in a substantial
difference in the rank order and subsequently in lowering
the coefficient of correlation. The findings conclude
that the, ability estimates for each P4N pupil estimated
from his raw score on Test I and Test II are equivalent
though 8% of the.total samples are found to be otherwise.
TABLE 18
Distribution of raw score on Tests I 5 II and the
corresponding ability estimates for P4N sample
Test I
Raw
Mark
Ability
estimate
Standard
Error
Frequency
(pupils)
29
28
27
26
25
24
23
22
21
20
19
18
17
16
15
14
13
12
11
10
09
08
07
06
05
04
03
02
01
4.56
3.54
2.92
3.47
2.12
1.81
1.54
1.30
1.07
0.86
0.66
0.46
0.28
0.09
-0.09
-0.27
-0.46
-0.64
-0.83
-1.02
-1.21
-1.42
-1.64
-1.87
-2.13
-2.43
-2.80
-3.27
-4.03
1.18
0.87
0.72
0.62
0.57
0.53
0.50
0.48
0.47
0.45
0.45
0.44
0.43
0.43
0.43
0.43
0.43
0.43
0.43
0.44
0.45
0.46
0.47
0.50
0.52
0.56
0.64
0.74
1.05
44
64
45
49
34
33
27
11
10
1
3
1
1
0
3
0
0
0
0
0
0
0
1
0
0
0
0
0
0
Test II
Ability
estimate
Standard
Error
Frequency
(pupils)
4.18
3.33
2.78
2.36
2.02
1.73
1.47
1.23
1.02
0.81
0.62
0.44
0.26
0.09
-0.08
-0.24
-0.41
-0.58
-0.75
-0.93
-1.11
-1.31
-1.51
-1.74
-1-.99
-2.28
-2.64
-3.11
-3.86
1.08
0.81
0.68
0.61
0.56
0.52
0.49
0.47
0.46
0.44
0.43
0.42
0.42
0.41
0.41
0.41
0.41
0.41
0.42
0.42
0.43
0.45
0.46
0.49
0.52
0.56
0.63
0.74
1 .04
27
29
42
50
46
39
39
23
17
10
4
6
6
4
1
2
.1
2
1
0
0
1
0
0
0
0
0
0
0
MEAN
S.D.
2.71
1.07
2.05
1.04
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Equating of Test scores
The findings documented in the preceeding
sections that
(a) the ability estimates which were based on
the raw scores of a test are invariant with
respect to the selected samples and
(b) the ability estimates from different calib-
rated subtests are statistically equivalent,
have made the equating of test scores.for Test I and Test
II possible.
The test scores on Test I obtained by P4E pupils
and their estimated equivalent test scores on Test II
are shown in Table 13. Figure 4 shows the graphs of the
test scores on Test I and the estimated equivalent scores
on Test II.
The equating of test scores as demonstrated in
this. study was not perfect since the ability estimates
for P4N pupils obtained from their raw scores (on Tests
I and II) were moderately correlated. However, the
equating procedures provided logical and encouraging
results.
Limitations
Useful and promising results have been recorded
in this study. The item difficulties and ability
estimates were invariant with respect to the selected
samples. However., this study has the following
limitations:
1. The.item difficulties and ability estimates depend
FIGURE 4
Graphs of the raw scorse on Test I and the
scaled equivalent scores on Test II
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solely on the responses made by the examinees on the test
items. The invariant properties of the Rasch model may
be seriously violated if the examinees randomly select
the options of those multiple choice items which they
are unable to answer. This is very likely to happen when
the primary three pupils take their end-of-year streaming
examination.
2. The total number of items that fitted the Rasch
model was 74. Test I which-was used to investigate the
invariant properties of the Rasch model was highly
reliable. However, there was a restriction in obtaining
desirable items. Most of the items in Test I had
difficulty parameters ranged from -1.50 to 1.00 logit
which appeared to be easy for the samples.
3. The difficulty of an item evidently depends upon
whether or not the examinees have received instruction
in the area which the item intends to test. Direct
instruction is likely to affect-the relative difficulty
of items specific to the instructional contents. There
was evidence in this study that for certain items in Test
I, the lower ability group, that is the P4E pupils found
easier than their counterparts in the P4N sample. There-
fore,,' sample-free nature of the Rasch model may not be
taken literally on samples who have 'been drilled to take
the test.
4. The results of this study may not be generalised
because the sampled pupils were highly motivated and
tended.-to take tests.more seriously. Also, it is compa-
.ratively easier to construct-sets of mathematics items
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to meet the requirements of the Rasch model. It is not
sure such finding will hold for subjects like English
Language or others.
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CHAPTER V
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS
Summary
In this study, an item pool was devioped by the
Rasch model item analysis procedures. Two calibrated
subtests using items from the pool were constructed to
investigate the sample-free and item-free nature of the
Rasch model. The feasibility of equating the pupils'
performance on these calibrated subtests was investigated.
A total of four test, viz Tests A, B, C and D
were constructed.. A set of 11 common items was embedded
in these tests. The tests were randomly assigned to 1580
primary three pupils from 10 randomly selected schools in
Singapore on November 5, 1982. Item responses made by
these pupils were submitted for the Rasch item analysis.
Of the 87 items which came from the four tests, 74 of
them fitted the Rasch model requirements and were
retained for subsequent use. The reliability index of
each test was calculated byjmeans of the KR-20 formula.
Two calibrated subtests wer.e\developed using items
from the pool. Two groups of pupils, viz, the P4E and
P4N pupils were selected to take the tests. There were
altogether 265 P4E and 360 P4N pupils from the 17
randomly selected'schools in Singapore. These P4N pupils
were of higher academic ability than the P4E sample since
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the former group had passed the primary three streaming
examination held in November, 1982, while the latter
group had failed the same examination. The P4E group
took the first subtest, i.e. Test I only and the P4N group
took both of the two subtests, i.e. Tests I and II.
Their. item responses were independently submitted
for the Rasch item analysis in which the item difficulties
and the ability estimates were calculated. Comparisons
of the item difficulties and ability thus obtained were
made. The Pearson product-moment coefficients of corre-
lation were also computed to examine the relationships
between the two sets of item difficulties and also the two
sets of ability estimates. The reliability indexes based
on KR-20 formula for the two tests were also calculated.
Finally, the P4E pupils' performance on Test I
were equated to the P4N pupils' performance on Test II
using a procedure suggested by Wright (1977).
The following results were obtained:
Reliability of tests The KR-20 reliability
indexes caluclated for Tests A. B, C and D were found to
be over 0.87 which indicated that these tests were
acceptably reliable.
The reliability indexes for the two calibrated
subtests, Tests I and II.were 0.89 and 0.73 respectively
which indicated that the tests were acceptable.
Goodness of fit of items All the items selected
for the item-pool had item 'fit' values ranged between
-2 and,.+2. A total of 13 items were rejected.
Invariance of-item difficulty Item difficulty
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parameters estimate.d based on the item responses made by
the P4E and the P4N pupils on Test I were compared. A
standardized difference between these difficulty para-
meters was computed for each item. The results. revealed
that there was no significant difference between each pair
of item difficulty parameters at the p= 0.05-level. The
product-moment- correlation coefficient between the item
difficulty 'parameters was 0.97 which indicated these two
sets-of difficulty parameters were highly
correlated. The results showed that the item difficulty
parameters were invariant with respect-to the selected
samples.
Invariance of person-.ability measure The ability
estimates were separately estimated for P4E and P4N pupils
on Test I. Standardized differences between these ability
estimates were computed. The results demonstrated that
there was no significant difference between each pair of
ability estimates at the p= 0.05 level. The product-
moment correlation coefficient between the ability
estimates was 0.998. The results confirmed that the
ability estimates were invariant with respect to the
selected samples.
Equivalence of 'ability' scores A standardized
difference for a pair of ability estimates was computed
for each P4N pupil taking the Tests I and II. The
ability estimates of 92% of the 338 pupils were not
significantly different at the p =.0.05 level. The
product-moment correlation coefficient between these two
sets' of ability estimates was 0.63 which was only satis
86
factory. The correlation coefficient of the raw scores
obtained on these two tests was 0.7.3. These results
revealed that the ability estimates obtained for the P4N
pupils on Tests I and II were statistically equivalent to
the extent as reported.
Equating of test scores The equivalence of test
scores between Tests I and II was established using a
procedure suggested by Wright (1977). This equating
technique provided an useful and logical results.
Conclusions
The results of this study. support the following
conclusions:
1. The Rasch item difficulty parameters are
invariant with respect to the selected calibrated samples
2--The Rasch ability estimates which are based on
the raw scores on a test are independent of the selected
samples.
3. The Rasch person' ability estimates obtained
from the two different calibrated subtests are stati-
stically equivalent though not perfect.
Recommendations
The invariant nature of the'Rasch model have been
supported in this study. It is felt that further
investigations should be carried out to perfect some of
the deficiencies of the present findings.
1.Although the items used in this study were
reliable and had met the requirements of the Rasch model,
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however,.they were. not' fine tuned. items as compared to
those used_in the established standardised mathematics
tests. Moreover, the contents of the tests were
restricted to the primary three mathematics examination
syllabus. It is therefore recommended that appropriate
standardized tests be used in parallel to those calib-
rated subsets- of the mathematics test to further examine
the invariant properties of the Rasch model.
2. The criteria for selection of items to be
included in an`item bank are important. In this study,
.the selection of items was based on the item 'fit' values
ranged between -2 and +2. In-other words, the items
which were found to have fitted the model at the p= 0.05
level were selected. It is suggested that a more
stringent-range of the item 'fit' values be used to
select items. Further investigations on the effect of
item 'fit' values on the invariant nature of the Rasch
model be performed. The findings from such investigations
could throw some light on choosing the optimal range of
item 'fit' values in selecting items.
3. The main purpose of this study was to examine
the feasibility of establishing an item bank to be used
in primary three streaming examination in Singapore.
The subjects used have to be selected from the primary
three population. There may be apitfall when calibrated
subtests are actually used.for streaming purpose. The
-',guessing' practice is unavoidable and more truely, the
pupils are encouraged to make guesses. Such practice is
detrimental to the assumptions made of the Rasch model.
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To minimise the 'guessing' effect, it is suggested that
only calibrated objective items other than the multiple
choice items be used. Another way is to study the
extent to which the guessing factor will effect the
invariant properties of the Rasch-model.
4. The.Rasch item analysis procedures-were used
to calibrate the primary three mathematics items in this
study. It maybe worth-while to extend the Rasch
procedures to other subject' areas and using pupils other
than the primary three pupils as subjects. In this way,
a multi-levels calibrated item banks. could be established.
5. The equating of pupils' performance between
different-calibrated subtests would be most useful in
the Singapore context., The tests used in the streaming
examination-are school.based and standards may vary
across schools. 'There might be a pitfall in using raw
score of 50 as the passing-mark simply because it does
not take into consideration the difficulty levels of the
items or tests It is quite apparent that a raw score
of 50 on an easy test is not at all equivalent to a raw
score of 50 on a hard test. The Rasch ability estimates
take into consideration a pupil's performance as well as
the difficulty level of the test he is taking. A norm
based on scaled ability. estimates could be set up so
that an item-free pupil ability measure could be compared
and interpreted.
6. It is suggested to use a larger sample to
examine the degree of consistency in item and person
parameters.of the Rasch model. This will throw some light
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on the sele.ction ofoptimal sample size tor the purpose
of future item calibration.
BIBLIOGRAPH
Albanese, M.A. The one-, two- and modified two-parameter
latent trait model: An empirical study of relative
robustness. Doctoral dissertation, University of
Iowa, 1981.
Anderson, E.B. The numerical solution of a set of
conditional estimation equations. The Journal of
Royal Statistical Society, Series B, 1972, 3_4, 42-54.
Anderston, E.B. A goodness of fit test for the Rasch
model. Psychometrika, 1973, 38, 123-140.
Anderson, J., Kearney, C.E.§ Everett, A.V. An evaluation
of Rasch's structural model for test items. The
British Journal of Mathematical and Statistical
Psychology, 1968, 2_1, 231- 138.
Anderson, M.R. The robustness of two parameter estima¬
tion methods for latent trait models. Doctoral
dissertation, University of Kansas, 1978.
Angoff, W.H.§ Ford, S.F. Item-race interaction on a
test of scholastic aptitude. Journal of Educational
Measurement, 1973, 10, 95-106.
Baker, F.B. Advances in item analysis. Review of
Educational Research, 1977, 47, 151-178.
Binet, A.§ Simon, T. The development of intelligence
in children. Baltimore: Williams and Wilkens, 1916.
Birnbaum, A. Some latent trait models and their use in
inferring an- examinee's ability. Part 5 in Lord, F,
M.§ Novick, M.R. Statistical theories of mental
test scores. Reading: Addison-Wesley, 1968.
Birnbaum, A. Statistical theory for logistic mental test
models with a prior distribution of ability. Journa1
of Mathematical Psychology, 1969, 6, 258-276.
Birns, J.A. Comparison of classical and Rasch model
approaches to the measurement of group difference.
Doctoral dissertation, Northwestern University, 1976.
Bock, R.D. Estimating item parameters and latent ability
when responses are scored in two or more nominal
categories. P sy chomet r ika, 1972, 3_7_, 29-51.
Brigman, S.L. Rasch model test equating with three
multiple test equating designs, Doctoral disserts
t i o n, University of,Georgia, 1976.
Brink, N.E. Rasch'.s logistic model vs the Guttman mode]
Educational and Psychological Measurement, 1972, 32,
921-927.
Brooks, R.D. An empirical investigation of the Rascl
ratio scale model for item difficulty indices.
Doctoral dissertation, University of Iowa, 1965.
Chan, G.H.F. The comparability of examination scores of
some subjects in the Hong Kong Certificate of
Education Examination- An application of the Rasch
model and the Backhouse model. Dissertation for
Associateship of Chelsea College, University of
London, 1976.
Chen, H.S. Assessing unidimensiona1ity of Michigan
Educational Assessment Data as defined by the Rasch
model. Doctoral dissertation, Wayne State University
1981.
Choppin, B. An item bank using sample-free calibration.
Nature, 1969, 219, 870-872.
Choppin, B. The introduction of new science curricula in
England and Wales. Comparative Education Review,
1974,18(2).
Choppin, B. Recent development in item banking: A review.
In D.N.M. de Gruitjer and L.J. Th Van der Kamp,
Advances in Psychological and Educational Measurement,
London: Wiley, 1976. I
Choppin, B. Educational measurement and the item ban'
model. Educational Measurement, 1980, 204-221.
Cormier, G. An investigation of the fit of the Rasch
measurement model to data from the Medical College
Admis sion Test. Doctoral dissertation, Michigan State
University,1977.
Crovo, M.L. A systematic investigation of the research
skills competency examination using classical and
Rasch latent trait analysis. Doctoral dissertation,
University of Virginia, 1981.
Curry, A.R. Invariance of the Rasch model ability
estimates over different collections of items.
Doctoral dissertat ion, University of Georgia, 1977.
Douglas, G.A. Test design strategies for the Rasch
Psychometric model. Doctoral dissertation, University
ofChicago,1975.
Douglas, J.B. A comparison of item characteristic curve
models for a classroom examination system. Doctoral
dissertation, Michigan State University, 1980.
Ebel, R.L. Essentials of educational measurement.
Prentice-Hall Inc. Englewood Cliffs, New Jersey, 1972
Goldstein, H.§ Blinkhorn, S. Monitoring educational
standards- an inappropriate model. Bulletin of the
British P sy cho 1 ogi cal Society, 1977, 30_, 309-31 1.
Green, N.S. The invariance of parameter estimates in
three latent trait models. Doctoral dissertation,
Syracuse University, 1981.
Guilford, J.P. Psychometric methods. New York: McGraw-
Hill, 1954.
Haebara, T. Least squares method for equating logistic
ability scales: A general approach and evaluation.
Doctoral dissertation, University of Iowa, 1981.
Halton, D.E. A comparison of latent trait and classical
item analysis in the development of achievement tests
Doctoral dissertation, University Southern California
1980.
Hambleton, R.J., Cook, L.L. Latent trait models and their
use in the analysis of educational test data. Journa1
of Educational Measurement, 1977, _1_4, 75-96.
Hambleton, R.K.§ Traub, R.E. Information curves and
efficiency of three logistic test models. British
Journal of Mathematical and Statistical Psychology,
1971, 24, 273-281.
Hashway, R.M. A comparison of tests derived using Rasch
and tradictional psychometric paradigms. Doctoral
dissertation, Boston College, 1977.
Holmes, D.E. Unidimensionality and vertical equating
with the Rasch model. Doctoral dissertation,
University of Georgia, 1981.
Ireland, C.M. An application of the Rasch one parameter
logistic model to individual intelligence testing in
a tailored testing environment. Doctoral dissertation
University of Missouri, 1976.
Jensema, C.J. An application of latent trait mental test
theory. British Journal of Mathematical and Stati¬
stical Psychology, 1974, 2L7, 29-48.
Keene, J.M. Item bias description: An analysis of four
methods. Doctoral dissertation, Indiana University,
1981.
•Koch, W.R. Attitude scaling using latent trait theory.
Doctoral dissertation, University of Missouri,-1980
Laska, S.A.J. Influence of time of calibration on Rasch
model item difficulty. Doctoral dissertation,
Georgia State University, 1979.
Lawley, D.N. On problems connected with item selection
and test construction. Proceedings of the Royal
Society of Edinburgh, 1943, 6_1_, 273-287.
Lazarsfeld, P.N. The logical and mathematical foundation
of latent structure analysis. In Stouffer, S.A. et
a1, Measurement and prediction, Princeton: Princeton
University Press, 1950.
Lord, F.M. An analysis of the verbal scholastic aptitude
test using Birnbaum's three-parameter logistic model.
Educational and Psychological Measurement, 1968, 2 8,
989-1020.
Lord, F.M. Item characteristic curves estimated without
knowledge of their mathematical form- a confrontation
of Birnbaum's logistic model. Psychometrika, 1 970,
35, 43-50.
Lord, F.M. The 'ability' scale in item parameters when
there are omitted responses. Psychometrika, 1974,
39, 247-164.
Lord, F.M. The 'ability' scale in item characteristic
curve theory. Psychometr ika, 1975, 44_, 205- 2 17.
Lord, F.M. Relative efficiency' of number-right and
formula scores. British Journal of Mathematical and
Statistical Psychology, 1975, 2_8, 46-50.
Lord, F.M. Practical application of item characteristic
curve theory. Journal of Educational Measurement,
1977, 14_, 117-138.
Lord, F.M.§ Novick, M.R. Statical theories of mental
test scores. Reading: Addison-Wes1ey, 1968.
Lumsden, J. Tests are perfectly reliable. British
Journal of Mathematical and Statistical Psychology,
1976, 27, 251-280.
Masters, G.N. A Rasch model for rating scales. Doctoral
dissertation, University of Chicago, 1980.
Mislevy, R.J. A general linear model for the analysis of
Rasch item threshold estimates. Doctoral dissertation,
University of Chicago, 1981.
94
Mulaik, S.A. The foundations of factor analysis. new
York: 'M_cGraw-Hi l l, 1972.
Nie, N.H. et al. SPSS, (2nd ed), New York: McGraw-Hill
Book Co., 1975.'
Nie, N.H. et al. SPSS Update. New-York: McGraw-Hill
Book Co., 1975.
Panchapakesan, N. The -simple logistic model-and mental
measurement. Unpublished doctoral dissertation,
University of Chicago', 1969.
Pettic, A.L. Raschmodel anchor test equating and person
fit: An examination of achievement test equating and
person fit. Doctoral dissertation, Florida State
University, 1981.
Preece, P.F.W. On rashly rejecting: A response to Gold-
stein (with a rejoinder from Goldstein). British
Educational Research Journal, 1980, 6, 209-212.
Rasch, G. Probabilistic models for some intelligence and
attainment tests. Copenhagan: Nielsen and Lydiche,
1960.
Rasch,. G. An item which takes individual differences
into account. -British Journal of Mathematical and
Statistical Psychology, 1966, 19,i49-57 (a).
Rasch, G. An individualistic approach to item analysis.
In P. Lazarsfeld and N.V. Henry, Reading in Mathe-'
matical Social Science, Chicago: Science Research
Association, 1966, 89-107 (b).
Rentz, R.R. Bashaw, W.L. The national reference scale
for reading: An application of'the Rasch model.
Journal of Educational Measurment, 1977, 14, 161-1.79.
Samejima, F. A comment on Birnbaum's three-parameter
logistic model in the.latent trait theory. Psycho-
metrika, 1973,. 38, 221-223.
Schmidt, W.H. Necessity of-'the model. Paper given at
the 1970 .American Education Presession on sample free
,item analysis and person measurement, Minnepolis,
March, 1970.
Slinde, J.A. Linn, R.L. An exploration of the adequacy
of the Rasch model for the problem of vertical
equating. Journal of Educational Measurment, 1978,
15, 23-35`.
Slinde, J.A. Linn, R.L. Vertical equated tests: Fact
or phantom? Journal of Educational Measurement, 1977,
14, 23-32.
95
Smith., I., Estimating total-test scores from matrix
samples using latent trait theory, Doctoral disserta-
tion. University of Toronto, 1980.
Tang, W.M. Item banking of. mathematics items- An
application of Rasch model. Dissertation, The Chinese
1nivArcity of Hona Kona. 1982.
Tinsley, H.E.A. Dawis, R.V. An investigation of the
Ras'ch simple logistic model: Sample free item and,
test calibration. Educational and Psychological
Measurment, 1975, 35, 325-339.
,Torgerson, W.S. Theory and method of scaling. New York
Wiley, 1958.
Vorpongthorn, T. An application of the Rasch model to
investigate item bias in the tests from the joint
higher education entrance examination in Thailand.
Doctoral dissertation, Florida State University, 1981.
Whitely, S. Models, meanings and misunderstandings:
.Some issues- in applying Rasch's theory. Journal of
Educational Measurment, 1977, 14, 227-135.
Whitely, S. Dawis, R:V. The nature of objectivity with
the Rasch model. Journal of Educational Measurment,
1974, 11, 163-178.
Whitely, S. Dawis, R.V. The influence of test content
on item difficulty. Educational and Psychological
Measurment, 1976, 36, 329-337.
Willmott, A. Fowles, D. The-objective interpretation
of test performance: the Rasch model applied..
Atlandic Highlands, NJ: NFER publishing Co. Ltd.
Wise, S.L. A modified order-analysis procedure for
determining unidimensional item sets. Doctoral
dissertation, University of Illinois, 1981.
Wood, R. Fitting the Rasch model A rieady tale..
British Journal of Mathematical and Statistical
Psychology, 1978, 31 27-32.
Wood, R. Skurnik, L.S.- Item banking, NFER publishing
Co. Ltd., 1969.
Wright, B.D. Sample free test calibration and person
measurement. Proceedings of the 1967 invitational
conference*on testing problems: Princeton, NJ,
Educational Testing Service, 1968.
Wright, B.D. Solving measurement problems with the
Rasch model. Journal of Educational Measurment, 1977,
14, 97.-.116 (a)
Wright, B.D. Misunderstanding the Rasch model, Journa
of Educational Measurment, 1977, 1_4_, 219-2 25. (b)
Wright, B.D.£ Douglas, G.A. Best procedures for sample-
free item analysis. Applied Psychological Measurement
1977, 1, 281-295 (a)
Wright, B.D. 6 Dauglas, G.A. Conditional versus uncondi¬
tional procedures for sample-free item analysis.
Educational and Psychological Measurement. 1977, 37,
573-586. fbl
Wright, B.D.§ Masters, G.N. Rating scale analysis: Rasch
measurement. MESA, University of Chicago, 1982.
Wright, B.D.£ Panchapakesan, N.A. A procedure for sample
free item analysis. Educational and Psychological
Measurement, 1969, 29_} 23-48.
Wright, B.D.§ Ston, M.H. Best test design. MESA Press.
Chicago, 1979.
Youngman, M.B. A comparison of item-total point biserial
correlation, Rasch and Alpha-Beater item analysis
procedures. Educational Studies, 1979, 5_, 265- 273.
Zeller-, R.A.§ Carmines, E.G. Statistical analysis of
Social Data. Rand McNally College Publishing Company,
1 978.
LIST OF APPENDICES
Appendix
A. Primary 3 Mathematics Exam Syllabus Q s
B. Specimen of Test A
n n
C. Specimen of''Test E 1 D?
D. Specimen of Test( 107
E. Specimen of Test I 11 1
F. Answer Keys to Tests A, B, C and D 1 1 q
G. Specimen of Test I 1 i f
H. Specimen of Test II i? n
I. Answer Keys to Tests I and I'. 124
J. Specimen of Data Sheets i? q
K. Comnutine item shift using item link
between Test C and Tests A§ B comine
126
L. Computing item shift using item link
between Test D and Tests A, B§ C
combined
1? 7
Appendix A
P3 Mathematics 1982
Topics To Be Assessed Weighting
Content Code Topic 1 Whole numbers up to 10000
11
12
13
14
15
16
Recognition and Place value
Additipn and Subtraction of whole numbersi
Simple problems involving addition subtraction
Number patterns
Multiplication tables
Multiplication division by one digit numbers
or 10
Simple problems involving multiplication division17
46%
Topic 2 Measurement
21
22
23
» v
Measurement of length, weight, capacity time
Conversion of units
Problems involving measurement of length, weight'3
and capacity
_Perimeter-
Area
24
25
25%
Topic 3 Graphs
31
f
Interpretation of simple graphs 8%
Topic 4 Fractions
41
AO
Recognition of fractions
Addition and subtraction of like fractions
63
Topic 5 Mone'
51
52
53
Dollar-and-cent notation
Computation with money
Problems involving money
15%
J-:,- t3 Q -n o n 7 mpri of Test A
SUBJECT: MATHEMATICS
LEVEL: PRIMARY 3
TEST: A
TT MTt• OH mi nnt =c;
NAME:
SEX: BOYGIRI
STUDY THE FOLLOWING QUESTIONS CAREFULLY..
THEN WRITE THE NUMBER BESIDE THE ANSWER IN THE BRACKET PROVIDED.
1. The die-it 2 in 32SU stands for
(1) 2000 (2) 200
(h) 2
2. Ali was counting in steps of fives.
In which one of the following did he make a mistake?
(1) 125, 130, 135, 1U0
(2) 150, 155, 160, 165
(3) 175, 180, 185, 190
( )i 7 no 7 nc mo m c
3. 7+7+7+ 7-[ X 7. then the stands for
(1) 28
( r cr
.(2) 7
(M It
•
k. Eight thousand and five is the same as
(1) 8005
(n) Acoo
(2) 8050
(it) 80005
5. 2+ 2+ 2+ I[= It X 2. then the I I Rtartc -V,
(1) 6 (2) 2
(M I.
g gvR V 7
(1) 678
(3) 6781
(2) 679
CO 1678
7. BOAR is; t.hp q a m p a c
(l) 6000+ 23£
fx) fiO+ 2X8
(2) 600+ 238
- (it) 6+ 238
8. 1 kg= 1000 a. 2020 e is the same as
(1) 2 kg 2 g
(X) 20 ka 2 a
(2) 2 kg 20 g
(U 20 kg 20 g
910
11
12
I l
11
1
287
35+
(1) 522
(3) 622
(2) 532
co 632
365
1
(1) 297
(3) 197
(2) 207
CO 107
6)79 The remainder of the division sum is'
(1) 1
(3) 3
(2) 2
CO
+ 1_
1 2 1 2
(1) ll'
13
(3) 2h
1
(2) 11
2£
(U) 2k
26
.7 k_
19 1'
(1) 3_
12
(3) 7_
(2)
12
CO 13
12
The perimeter of the figure is 10 cm.
Uori 1 r-. nrr 1 o A P. 7-'
(1) 1 cm
(2) 2 cm
(3) 3 cm
( U) 1 cm
The time shown on this clock i
(1) 2 minutes past k
(2) U minutes past 2
(3) 10 minutes past k
(1+) 20 minutes past 2
16. Which one of the following figures has 12 its area shaded?
IT- IPS mirm t. pr i; thp RRmp pr
(l) 1 hour 25 minutes
(3) 12 hours 5 minutes
(2) 2 hours 5 minutes
(M 2 hours 50 minutes
18. 205 cents is the same as
(1) $2.05'
(3) $20.05
(2) $2.50
(u) 320.50
19. The graph shows the time taken by Samy, Ming, John and Mohd
to complete a 50 m race.
Who came in first?
Time (sec)
10
9
8
7
6
5
k
3
2
1
(1) Samy
(2) Ming
(3) John
(M Mohd
Pu oilj.
Samy Ming John Mohd
20. I exchanged $7 for 20-cent coins.
How many 20-cent coins will I get?
(1) 80
(3) 5
(2) 20
WORK THROUGH THE QUESTIONS CAREFULLY.
WRITE'YOUR ANSWERS IN THE BOXES PROVIDED
21 I am counting in steps of fives,
1885, 1890, 1895, A 1905, 1910
Fill in the missing number.
pp
I
I have 285 beads. Joan gives me another 15 beads.
How many beads do I have now?
I buy a book which costs $8.50.
I give the shopkeeper $10.
How much change must I receive?
Write six thousand and thirty in figures.
25 18s rm is the same'as m 2nd cm
. 26. I have 2000 stamps. I give 195 stamps to Ali
how many stamps do I have now?
n cm
27 There are U8 pencils in a box.•
How manv pencils are there in 8 such boxes?
28. Mei has .85 sweets.
she shares the sweets equally among 5 friends
How many sweets will each friend get?
or
The graph shows the number of stickers collected by U pupils.
Ri d n V ptq
10(
8(
6(
2(
Ma Chu Pa Tim
Pupil
How many stickers did Pat collect'
30. Using all the following digits 2 ,8 ,6 what
is the SMALLEST U-dieit number von can make?
Appendix C Specimen of Test B
SUBJECT: MATHEMATICS
LEVEL: PRIMARY 3
TEST: B
TIME: 90 minutes
NAME:
SEX: BOYGIRL
STUDY THE FOLLOWING QUESTIONS CAREFULLY.
THEN WRITE THE NUMBER BESIDE THE ANSWER IN THE BRACKET PROVIDED.
(
1. The digit 6 in 6789 stands for
(1) 6000
(3)' 60
(2) 600
(U) 2
2 In words, 200 is the same as
(1) Four thousand and two
(2) Four thousand and twenty
(3) Four hundred and twenty
(7) Four thousand and two hundred
3. then the stands- for
(1) 28
(3) 5
(2)- T
(10 I
It. Nine thousand and three is the same as
(1) 90003
(3) 9030
(2) 9003
(U) 5300
5. then the stands for
(l) 6
(3) 8
(2) 2
CO U
6.
(1) 3U0
(3) 3I4O
(2) 130
00 13b
7. 6238 is the same as
(l) 6000+ 238
(3) 60 +238
(2) 600+ 238
(it) 6+ 238
8. 1 kg= 1000 g. 2020 g is the same as
(l) 2 kg 2.g
(3) 20 kg 2 g
(2) 2 kg 20 g
00 20 kg 20 g
9 376
238+
(1) 50U
(3) 6olj
(2) 5ii)
(U) 6lk
10. 1)5 6
257-
(1) 299
(3) 199
(2) 209
CO 109
11. 1)774 The remainder of the division sum is
(1) 1
(3) 3
(2) 2
(It) 0
12. 3.3
. IF 15
(l) 3
IF
(3) 6_
28
(2) 6
TZ
(h) 9__
28
13. 6 2
11 11
(1) 6_
11
(3) 2_
11
(2)
11
(M 8
11
Ik. The perimeter of the figure is 10 cm.
How long is AT?
(1) 1 en
(2) 2 cn
(3) 3 cn
( ll) li rri
15- The time shown on this clock is
(1) 8 minutes to 11
(2) 5 minutes to 8
(3) 11 minutes' to 8
(1) 20 minutes to 11
Id Which one of the following figures has 12 its area shaded?
IV. 2U5 minutes is the same as
(l) 2 hour minutes
(3) hours 50 minutes
(2) h hours 5 minutes
(U) 2h hours 5 minutes
18. 205 cents is the same as
(1) $2.05•
(3) $20.05
(2) $2.50
(b) $20.50
19 The graph shows the time taken by Samy, Ming', John and Mohd
to complete a 50 m race.
Who came in first?
Time (sec)
10
9
8
.7
6
r—
h
. k
3
2
1
(1) Samy
(2) Ming
(3) John
(7) Mohd
Samy Ming John Mohd
Punil
20 I exchange $5 for 20-cent coins.
How many 20-cent coins will I. get?
(1) 25
( 2 V S
(2) 20
(U) k
WORK THROUGH THE QUESTIONS CAREFULLY.
WRITE YOUR ANSWERS IN THE BOXES PROVIDED.
- 21 I am counting in steps of fives,
1885, 1890, 1895, 1905, 1910
Fill in the missing number.
22 There are 196 trees in a park.
The gardener plants another 2k more trees in the
park. How many trees are there in the park now?
23. I buy a pair of' shoes at $7.90.
If I give the shopkeeper $10, how much change
must I receive.?
2k Write three thousand four hundred and twenty five
in figures..
25. 2 m 5 cm is the. same as n m-
26 There are 1600 pots in a garden.
125 pots are taken out of the garden.
How many pots are left in the garnen?
27. There are 78 pencils in a box.
How many pencils are there in 3 such boxes?
28. Siti has 98 one-cent coins.
She divides the coins equally into 6 groups.
. How many one-cent coins are there in each group?
' 29. The graph shows the number of stamps sold on Mon, Tue, Wed
and Thu. On which two days were the same number of stamps
sold?
Stamps
250C
200C
150C
100C
50C
Mon Tue Wed The
- ri'J Using all the following digits 2,8,6,7, what
is the SMALLEST 7-digit number you can make?
Armendix D .cinprimfin of Test G
SUBJECT: MATHEMATICS
LEVEL: PRIMARY 3
TEST: C
TIME: 90 minutes4
NAME:
SEX: BOYGIRL
STUDY THE FOLLOWING QUESTIONS CAREFULLY.
THEN WRITE THE NUMBER BESIDE THE ANSWER IN THE BRACKET PROVIDED.
1. TVi r i cr i t. S in qt. n n H q for
(1) 5000
(3) -50
(2) 500
(M 5
2
(1) It
IE
(3) It
(2) 1
(M 1
IE
3. , then the stands for
(1) 28
(3) 5
(2) 7
(It) It
It 2 It
S
(1) 10c
(3) 22C
(2) 120
(M 102
5 , then the ' stands fo:
(1) t
(3) f
(2) 2
CO it
6 Which one of the following numbers can be divided
by 3 and with no remainder?
(1) 383
(1)
(2) 373
(U 353
7 6238 is the same a:
(l) 6000+ 23£
(3) 60+ 23£
- 72) 600+ 238
(U) 6+ 238
8 1 kg= 1000£. 2020£ is the same as
(1) 2 kg 2 g
(3) 20 kg 2 g
(2) 2 kg. 20 g
(it) 20 kg 20 g
9 258
Fill in the missing number.
125
(1) 277
(3) 177
(2) 267
CO 167
10. 351
Fill in the missing number.
136
(1) 298
(3) 198
(2) 208
(14) 108
ii. Which one of the following figures has a shaded area equal to k
12,
(1) 5
f
(3) 3
F
(2) 2
F
CO 8
F
13. The figure is divided into 10 equal parts.
What fraction of it is shaded?
(1) k
Z
(3)Ji
10
(2) 6
IT
(10
10
Ik. The perimeter of the figure is 10 cm. How long is AB?
(1) 1cm
(2) 2 cm
(3) 3 cm
(1) h cm
15;
. V
The school starts at 7° 30 a.m. I reach the school at the time
shown on this -clock. I am minutes late.
(1) 7
(2). 9
(3) 10
CO 15
16 Which one of the following figures has lf?_ its area shaded?
IT. 1 m 1 Wi 14 DC 4 c? 4 Vn o no wn o o
(l) 1 hour 5 minutes
(3) 1 hour 5 minutes
(2) 1 hours 50 minutes
(10 10 hours 5 minutes
18. POS n.pnts is thp ap
(1) $2.05
(3) 20.08
(2) $2.50
ik) $20.50
1Q, The graph shows the time taken.by Samy, Ming, John and Mohd
to complete a 50 m race.'
Who wmp i ri
Time (sec)
1(
c
i
r
(
C
i(1) Samy
(2) Ming
(3) John
(k) Mohd
ZUJtUJL U U A -±LjLU~
Samy Ming John Moht
Pupi]
on
I exchange $3 for 15-cent stamps.
How many 15-cent stamps will I get'
(1) 5
(3) 2C
(2) i;
CO 3C
WORK THROUGH THE QUESTIONS CAREFUiLY.
WRITE YOUR ANSWERS IN THE BOXES PROVIDED.
2 I am counting in steps of fives,
1885, 1890, 1895,, 1905, 191
Fill in the missing number.
22 2U
I
Fill in the mis sing.', number.
23. 215
h x
2U. A running track is 350 m long.
I run round the track 3 times.
How many metres have I run?
25-
26. 1200
209-
27. There are U8 oencils in a box.
.4.
How many pencils are there in 3 such boxes?
28, Ali divides 96 marbles equally into U groups.
How many marbles are there in each group?
'29 The graph shows the maths marks of five pupils.
Which two pupils get the same marks?
80
70
6o
5C
Uc
3C
20
1C
John Siti Ming Mohd Ling
PUPIL
and
30 Using all the following digits 2,8,6,U, what
is the SMALLEST U-digit number you can make?
Armendix E Specimen of Test D
SUBJECT: MATHEMATICS
LEVEL: PRIMARY 3
TEST: D
TIME: 90 minutes
NAME:
SEX: BOYGIRL
STUDY THE FOLLOWING QUESTIONS CAREFULLY.
THEN WRITE THE NUMBER BESIDE THE ANSWER IN THE BRACKET PROVIDED.
The digit 8 in 528 stands for
(1) 8000
(3) '80
(2) 800
(M 8
2 Ling was counting in steps of t ens.
In which one of the following did she make a mistake?
(1) 110, 120, 130, llC
(2) 160, 170, 180, 19C
(3) 170, 180, 190, 20C
(U) 190, 210, 220, 23C
3. , then the stands .for
a) 28
(3) 5
(2)-
(M
1 In figures, four thousand and four is the same as
(1) UOOOh
(3) 0L0
(2) hk
(h) hO
, then th stands fo
(1) 6
(3)£
(2) 2
(h) k
6 25
8:
(1) l6C
f?) o) 1 r
(2) 200
(U) 16U0
7 6238 is the same as
(1) 6000+ 238
(3) 60 +238
(2) 600+ 23
(U) 6+ 23
8.
I•
1 kg= 1000 g. 2020 g is the same as
(1) 2 kg 2 g
(3) 20 kg 2 g
(2) 2 kg. 20 g
(1) 20 kg 20 g
9 375
226+
(l) 591
(3) 601
(2) 501
W. 691
10. 1+56
287-
(1) 279
(3) 179
(2) 269
O) 169
11. Which one of the following division sums-has no remainder?
(1) k3k- k©
(3) 53~ U
(2) 33 -f- k
(14) 52U~ U
12.
(1) __9
30
(3) 3JU
15
(2)
15
(10 1U
30
13. What fraction of the following marbles is shaded?
(1) 3
5
(3) 3
n
(2) 5
3
CO 5
B
lit. The perimeter of the figure is 10 cm.
How long is AB?
(1) 1 cm
(2) 2 cm
(3) 3 cm
(h) k cm
15- The show started at 6.00 p.m.
I went to the show at the time shown on' this clock.
I was lat e by_________ minut es.
(1) 6
(2) 2
(3) 10
(O 20
1£
Which one of the following figures has V2 its area shaded?
17 220 minutes is the same as
(l) 2 hours 20 minutes
(3) 2 hours 2 minutes
(2) 3 hours Uo minutes
{b) 3 hours b minutes
o Q one r.~
(1) $2.05
(2) $20.OS
(2) $2.50
(1)) $20.50
The graph shows the time taken by Samy, Ming, John and Mohd
to'complete a 50 m race.
iXV% r~h T v -f 1 r- f- 9V-»«
Tlmp q ph)
l
(1) Sam
(2) Min
(3) Johr
(b) Mohc
( f| 11
53 mr Mi nrr T ro V» r — Pupi:
2 I exchange $1.50 for 30-cent bus ticket
How manv 30-cent tickets will I et?
' (1) 5
(2) 2C
(2) 1
(M 3
WORK. THROUGH THE QUESTIONS CAREFULLY.
WRITE YOUR ANSWERS IN THE BOXES PROVIDED
I am counting in steps of fives,
1885, 1890, 1895,, 1905, 19:
Fill in the missing number.
22
There are 156 .pages in Book A.
There are 157 pages in Book B.
How many pages are there in these two books
altogether?
I bought a packet of sweets for $3.85
I gave the shopkeeper a $10'note.
How much change-must I get back?
2723
24
25 2 m 10 cm is the same as cm
There are 7000 books in a library.
2900 books have been taken out.
How many books are left in the library
There are 78 pencils in a box.
How manv nenrils arc there in 2 such boxes
28
rPTirpc;pnt.QHSPCTOQthpn
represents 85 eggs, then
will represent how many eggs?
9Q
Using all the following digits 2,8,6,7, wh
is the SMALLEST 4-digit number you can make
ADDericlix F
Answer keys to Tests A, B, C and I
Item Test A Test B Test C Test D
01
02
03
Ok
03
06
07
08
09
10
11
12
13
Ik
15
16
.1?
18
19
20
21
22
23
2k
25
26
27
28
29
. 30
2
k
k
1
2
1
1
2
k
3
1
1
1
3
k
3
2
1
3
2
1900
300
81.50
6030
1, 65
1805
1kk
17
100
2k68
1
k
k
2
2
3
1
2
k
3
2
2
2
3
k
3
2
1
3
1
1900
220
$2. 10
3k25
205
1k75
ikk
16
Mon,Wed
2k68
3
2
k
2
2
3
1
2
k
3
k
k
3
3
k
3
3
1B
3
3
1900
6
860
1050
k7
991
1kk
2k
Ming, Ling
2k68
k
k
k
k
2
2
1
2
3
k
k
2
3
3
3
3
2
1
3
1
1900
310
86.15
1000
210
klOO
1kk
17
12
2k68
Appendix G Specimen of Test I
SUBJECT: MATHEMATICS
TEST NO: I
TIME: 60 minutes
NAME:
CLASS
SEX: BOY GIRL
STUDY TEE FOLLOWING QUESTIONS CAREFULLY
TEEN WRITE TEE NUMBER BESIDE THE ANSWER IN TEE BRACKET PROVIDED
1. The digit 5 in 253 stands for
(1) 5000
(3) 50
(2) 500
(U) 5
2.
V
In words, M200 is the same as
(1) Four thousand and two
(2) Four thousand and twenty
(3) Four hundred and twenty
(h) Four thousand and two hundred
3.
(1) 11
13
(3) 2h
13
(2) 11
2E
(k) 2h
2iS
4.
(l) 6_
n
(3) 2__
11
(2)
11
M£
u
5. The figure is divided into 10 equal parts
What fraction of it is shaded?
a) it
(3M
10
(2) 6
¥
(It) _6
10
6.
(l) 160
(3) 2U0
(2) 200
(It) 1620
7.
I
What fraction of the following marbles is shaded?
(l) 3
5
(3) 3
F
(2) 2
3
(M 5
F
8. 205 cents is the same as
(1) $2.05
(3) $20.05
(2) $2.50
(M $20.50
9. 376
238+
(1) 50U
(3) 60U
(2) 51
(1+) 6lU
10.
(1) 678
(3) 6781
(2) 679
(It) 1678
11. then the stands for
(X) 28
(3) 5
(2) 7
0) k
12. Which one of the following figures has 12 its area shaded?
13, The remainder of the division sum is
(1) 1
(3) 3
(2) 2
(i») k
14. then the stands for
(l) 6
(3) 8
(2) 2
CM~ it
15. The show started at 6.00 p.m.
I vent to the show at the time shown on this clock.
I was late by minutes.
(1) 6
(2) 2
(3) 10
CO 20
16.
s.
Which one of the following figures has a shaded area equal to 1
IT. 220 minutes is the same as
(l) 2 hours 20 minutes
(3) 2 hours 2 minutes
(2) 3 hours kO minutes
(1) 3 hours 1 minutes
18, Ling was counting in st.eps of t ens.
In which one of the following did she make a mistake?
(1) 110, 120, 130, llC
(2) 160, 170, 180, 19C
(3) 170, 180, 190, 200
(1) 190, 210, 220, 230
19
Fill in the missing number.
(i) 298
(3) 198
(2) 208
(it) 108
20 I exchange $1.50 for 30-cent bus tickets.
How many 30-cent tickets will I get?
(1) 5
(3) 20
(2) 15
(b) 30
WORK THROUGH THE QUESTIONS CAREFULLY
WRITE YOUR ANSWERS IH THE BOXES PROVIDED
21 I am counting in steps of fives,
1885,- 1890, 1895,, 1905, 1910
Fill in the missing number.
22. Tliere are 156 pages in Book A.•
There are 15 pages in Book B.
How many pages are there in these two books
altogether?
23. 1200
209-
24. 215
h x
25. There are 1600 pots in a garden.
125 pots are taken out of the garden.
How many pots are left in the garnen?
26. Mei has 85 sweets.
she shares the sweets equally among 5 friends.
How many sweets will each friend get.?
27. There are 48-pencils in a box.
How many pencils are there in 3 such boxes?
28. A running track is 350 m long.
I run round the track 3 times.
How many metres have I run?
29.
»
The graph shows the number of stickers collected by h pupils.
Stickers
100
80
60
4 0
20
May Chu Pat Tim
Pupil
How many stickers did Pat collect?
30. I bought a packet of sweets for $3.85.
I gave the shopkeeper a $10 note.
How much change must I get back?
▲ 1 1 T T
»
SUBJECT: MATHEMATICS
TEST NO: II
- —_ »
MAKE:
CLASS
SEX: BOY GIRL
I
STUDY THE FOLLOWING QUESTIONS CAREFULLY
TRKN WPTTF. THE. NUMBER BESIDE THE ANSWER IN THE BRACKET PROVIDED
r ri• x—v x. i|«' I' XN —T) V_ I L. J I T s fcXs xi x-. -4- xs %X%
(X) 2O0C (2) 2C
t i, o
365
(1) 29
to-I i r
(2) 207
O) 107
Which one of the following figures has I? its ares shaded
S rr Vvf f Vinne o nrl o J f t u a no 4- V~. r-s
(1) 8C
(1) Ac
(2) 805
(it) 80c
Ali was counting in steps of .fives.
In which one of the following did he make a mista
(1) 125, 130, 135,
(2) 150, 155, 160,
(3) 175, 180, 185,
.(It). 190, 195, 210,
In figures. four thousand and four is the same
(1) itC (2) 7
n,),
7. -? q t.hp samp as
(i) 6000+ 238
(3) 60 +238
(2) 600+ 238
(it) 6+ 238
8. Th rpmfl i nH pr of f,he division sum is
(1) 1
(3) 3
(2) 2
O) 0
q Which one of the following numbers can be divided
bv B and wit.h no remainder?
(1) 383
(3) 363
1
(2) 373
Ct) 353
i n. The time shown on this clonk is
(1) 2 minutes past
(2) b minutes past 2
(3) 10 minutes past 4
(H) 20 minutes past 2
l 1
The perimeter of the figure is 10' cm. How lone- is AB?
(1) 1 c:
(2) 2 c;
(3) 3 0
(b) h cj»
1 156
0S7
(1) 299
(3) 199
(2) 209
O 109
i 1 1 kg= 1000 g. 2020 g is the same as
(1) 2 kg 2 g
(3) 20 kg 2«
(2) 2 kg 20 f
(It) 20 kg 20g
1 , then the stands for
(1) 6
( p
' (2)
(M.
I exchange $3 for 15-cent stamps.
How many 15-cent stamps will Iget?
(3)20
(2) 15
Fill in the misBing number.
(i) 298
(2) 208
t), -1 nQ
3 7
Pill in t.hp missine number.
(1) 277
-i r— r~7
(2) 267
(h) 1 f)7
Which nnp nf the following division sums has no remainder?
(1) U3U -t k
l- CO),• I,
(2) 33U -t 1)
(U) 52U -L li
1 c
The graph shows the time taken by Samy, Ming, John and Mohd
.to complete a 50 m race.
t ri j r» j._ _i_ r
rsr:
rr~•
Samy
Ming
John
Mohd
Samy Ming John Mohd PUpil
I exchange $1.50 for 30-cent bus tickets
How many 30-cent tickets will I get?
(i) (2)
(1)
HORK THROUGH THE QUESTIOHS CAREFULLY
WRITE YOUR ANSWERS IN THE BOXES PROVID
I am counting in steps of fives,
1885, 1890, 1895, t T905, 1
Fill in the missing number.
Write six thousand and thirty in figures
There are 19 trees in a park.
The gardener plants another 2 more trees in the
™ -v Hnv manv trees are there in the park now.
I have 2000 stamps. I give 195 stamps to Ali.
There are 8 pencils in a box.
How many pencils are there in 3 such boxes?
A manning track is 350 m long.
I run round the track 3 times.
Ali divides 96 marbles equally into.1! grouj
u«i.r ma nv ,na rhi pc: orP tliprp in each grout?
t
There are 7000 books in a library.
2900 books have been taken out.
Wrvi.r ma mr hnplrn arp 1 pft. in f.h P libra.]
The graph shows the number of stamps sold on Mon, Tue, W
and Thu. On which two days were the same number of stamp:
• 1 U) o
m m m
Mnn a 1 U
Appendix I
Answer keys to Tests I and II
Item Test I Test II
01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
3
4
1
2
3
2
3
1
4
1
4
3
1
2
3
4
2
4
3
1
1900
310
991
860
1475
17
144'
1050
100
6.15
2
3
3
1
4
4
1
2
3
4
3
3
2
2
1
3
4
4
3
1
1900
6030
220
1805
144
24
1050
210
4100
Mon, Wed
APPENDIX J
Specimen of Data Sheets
'nOO
x1
cn
H
0O7
2
to»•j
6;
—I
r'
nto toZ COH tOCdCoCO
r 3:
•-jtw';
-J CO
m H00
H CO
»H 0
zO '3
m00COto '0COo
cc
o!
»-Ti+'j
o03toOJCO3.'.to
n o:::~j
r,
1+
APPENDIX K
TABLE A
COMPUTING ITEM SHIFT USING ITEM LINK BETWEEN
TEST C AND TESTS A B COMBINED
Tests A§ B Test C
Difficulty
Parameter
Standard
Error
Item
No.
dAB SEAB
Difficulty
Parameter
dc
Standard
Error
SEc
Difference
Between dA
03
05
07
08
16
18
19
21
27
0.02
0. 93
-0.72
0:33:
-0. 23
-1.63
3.61
0.26
0.44
0.20
0.18
0.23
0. 19
0.21
0.28
0.22
0.19
0.18
-0.46
-0.16
-1.46
-0.70
l
-0.92
-2.32
2.76
-0.83
-0.31
0.14
0.13
0.18
0.15
0.16
0.23
0.14
0.15
0.14
0.48
1.09
0.74
1.03
0.69
0.69
0.85
1.09
0.75
Total =7.41
Item Shifta= 0.82
a Item shift
APPENDIX L
TABLE B
COMPUTINGS-ITEM SHIFT USING ITEM LINK BETWEEN
TEST D AND TEST A, B§ C COMBINED
Test A, B§ C Test D
Item
No.
Difficulty
Parameter
dABC
Standard
Error
SF
ABC
Difficulty
Parameter
dD
Standard
Error
sed
Difference
Between
DABCD=dABC~dD
03
05
07
08
16
18
19
21
27
-0. 19
0.80
-0.68
0.23
-0.17
-1.57
3.60
0.13
0-..48
0.24
0.22
0.29
0.24
0.26
0.36
0.26
0.24
0.23
-0.32
0.72
0.45
-0.14
-0.59
-1.32
3.47
-0,28
0.02
0.15
0.12
0.15
0.14
0.15
0.19
0.15
0.14
0.14
0.51
0.08
-1.13
0.37
0.42
-0.25
0.13
0.41
0.50
Total =1.04
Item Shifta= 0.12
a Item shift


